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ABSTRACT 
The main purpose of this dissertation is to examine the effects of migration and 
household capitals on agricultural and energy transitions in the setting of rapidly 
changing socioeconomic and environmental conditions of Chitwan, Nepal. The 
environmental aspects of agricultural and energy transitions are also discussed to weave 
the changes in the livelihoods of rural households into the discourse of sustainable 
development, especially in the context of underdeveloped countries. The data used for the 
analysis is the Chitwan Valley Family Study which has been collected since 1996 at the 
individual and household level with the focuses on agriculture and family. The results 
from first difference model and multilevel logistic regression model using discrete-time 
event history approach deliver a couple of important messages for the future plans for 
local and national development. Most of all, migration plays an important role in the 
livelihoods of rural households in Chitwan. It might not have a direct impact, but the 
findings indicate that social and financial remittances from migration interact with how a 
household utilizes their current capitals under a given context for the future. Particularly, 
available labor in a household, prior investment in agriculture, exposure to modern life 
style, and what other people do, all these factors moderate the association between 
migration and the transitions.  The implications of these results on sustainable 
development for the future of Chitwan and Nepal in the coming years are discussed 
afterwards.  
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INTRODUCTION 
 
The purpose of this dissertation is to assess the effects of migration and capitals at 
the household level on agricultural and energy transitions in the context of the 
socioeconomically changing agricultural region, Chitwan, Nepal, over ten years since 
2006. The main motivation for this dissertation is on the growing concern over long-term 
environmental impacts of livelihood transitions in the setting of developing countries 
with poverty. Accordingly, the focus of this dissertation is on household-level human 
activities that would potentially influence the surrounding environment in the long term. 
The main goals are to understand; 1) how migration and household capitals diversify the 
ways of living among rural farming households under rapid socioeconomic 
transformation (agricultural transition) and 2) how migration and household capitals 
affect rural households to alter the main energy source (energy transition).  
Under the developing context, rural farming households seek additional options 
for their livelihoods other than farming in order to alleviate poverty and to improve living 
standards. All the efforts of agricultural households to shift away from agricultural modes 
of production is defined as agricultural transition. Many households have been going 
through this transition at a rapid rate given the speed of economic development and 
diffusion of ideas in recent decades at the global level. It certainly brought positive 
results, such as economic development, but also brought negative results. One of the most 
concerning results is its impacts on environment in the short and long term: rapid and 
gradual environmental degradation, resource depletion, and conflicts between interests of 
different groups on development (Foresight 2011; Hugo 2008; Pretty and Ward 2001).  
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Another aspect of these environmental concerns driven by socioeconomic 
development through transitions is energy transition. It is the transition from the use of 
traditional energy sources, such as fuel wood, to modern ones, such as electricity. In the 
big picture, energy transition has environmental impacts in that the demand for energy 
will exponentially increase as a society develops with increasing numbers of population 
and households (Knight and Rosa 2012). Thus, to meet or reduce energy demand, or to be 
prepared for the surge of energy demand in the future, understanding energy transition at 
the household level would be an important first step towards sustainability. 
Accordingly, the focal point of this dissertation is on agricultural and energy 
transitions. I find the framework of livelihood approach relevant to explain these two 
transitions associated with sustainability issues. The livelihood approach is about how a 
household utilizes household assets in terms of five capitals: human, natural, physical, 
financial, and social (Ellis 2000). This perspective is useful to categorize a variety of 
household assets in five ideal types of capitals, and each capital is expected to have 
distinct effects on agricultural and energy transitions. Within this framework, therefore, 
we can better understand how a rural household utilizes what they have, and in turn, what 
it suggests for their future livelihood and environment. Throughout the text, the term 
“household assets” will be referred to as “household capitals” to emphasize that 
household assets consist of a variety of capitals at the household level. 
Migration, in addition to household capitals, is expected to have significant direct 
and interactive effects on the transitions as well. Domestic and international migration 
has been a large part of livelihood of most households in Nepal throughout its history, 
especially in Chitwan in the last few decades. Migration might have direct effects on the 
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transitions in that the accumulation of knowledge and experience from it over time would 
influence an individual’s or household’s behaviors in the future. At the same time, 
migration might have interactive effects on the transitions through household capitals. 
Successful migration would play an important role in upgrading household capitals, such 
as financial capital, through remittances in the context of out-migration (Connell and 
Conway 2000). Or migration might work in different directions based on how much a 
household possesses of a certain capital. For example, when a household has negative 
perceptions of the environment and agricultural productivity, migration might function as 
a catalyst to transition from farming and pursue non-agricultural activities. Thus, it is 
crucial to integrate migration in a livelihood analysis in the context where migration 
happens frequently.  
The main business of Chitwan has historically been agriculture. Thus, it is 
important to recognize that agricultural transition changes the livelihood of most 
households in Chitwan. Agricultural transition can move in two directions: agricultural 
intensification on the one side and agricultural de-intensification on the other side. In the 
face of socioeconomic changes in an agricultural region, accumulated household capitals, 
potentially boosted by migration, would give two main options for farming households. 
One is to intensify what they have been doing, which is farming, and the other is to 
change the mode of production, which is the transition from farming to non-farming. 
However, intensification and de-intensification are not exclusive to each other. To 
completely understand the transition, the process of the transition should be considered. 
For example, farming households might invest a substantial amount of their resources on 
non-farm activities, such as salary employment, but at the same time, they might continue 
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farming as well. Hence, it is very likely that rural households constantly juggle with 
intensification and de-intensification of farming. Thus, instead of trying to differentiate 
intensification from de-intensification, I examine the changes in agricultural activities as 
well as the changes in the modes of production. As the first part of agricultural transition, 
I look at the changes in agricultural activities, such as size of farming land, size of land 
for rent, number of poultry, and amount of chemical fertilizer. As the second part of 
agricultural transition, I look at the changes in the modes of production, such as the 
transition from farming to non-farming, transition to the first salary employment, and 
transition to the first business outside the home.  
First, I examine how migration and household capitals influences agricultural 
activities. Agricultural activities relevant to the setting of Chitwan include farming and 
renting land, raising poultry, and using chemical fertilizer. Agricultural activities could be 
affected by out-migration since migration brings money and new ideas to a household, 
which broadens options for a household to choose for a better livelihood. And household 
capitals would moderate this relationship. For example, households rich in natural capital, 
as reflected by positive environmental perceptions of water quality, might want to use 
cash and experience from migration for agricultural activities to maximize the use of their 
natural capital to enhance their living standard. This is also an environmentally important 
question because agricultural activities, like using chemical fertilizer, would result in 
degraded soil function, which is highly related to agricultural productivity in the long 
term (Raut, Sitaula, and Bajracharya 2010). It might damage water function as well since 
all of those chemical products would be drained into rivers when there are no proper legal 
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regulations for managing and using water or no solid facilities purifying contaminated 
water (Berka, Schreier, and Hall 2001).  
Second, I examine how migration and household capitals influence households to 
change the modes of production. This includes the transition from farming to non-
farming at the household level. At the individual level, it also includes the transitions to 
the first salary employment and to the first business outside the home. Since there would 
be more non-farm opportunities as the non-farm sector of a society grows, households 
seeking better living standards could choose to exit farming and seek non-farm activities 
instead of investing more time, cash and energy on farming. Households might be more 
likely to do so especially when social and financial remittances are accumulated via 
migration and when the context surrounding households favors non-farm activities. In 
other words, it is more likely to happen when pursuing non-farm opportunities is 
considered to be more attractive than continuing farming. And household capitals would 
moderate this relationship as they do for the relationship between migration and 
agricultural activities. For example, financial capital, such as livestock or poultry, might 
accelerate the rate of change in mode of production. In terms of environmental impact, 
this is also an important question in that any transitions out of farming might weaken the 
strength of social bonds for the protection of environment (Pretty and Ward 2001). This 
is because social disagreement on the directions and the ways of development possibly 
causes social conflicts between groups with different interests. This weak social 
agreement will be created especially when the main modes of production in a society 
diverge as we can expect in the process of urbanization accompanying agricultural 
transition. Therefore, as less and less people would share common interests in agriculture, 
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their overall support for the protection for environment might weaken in the long-term. 
Thus, the transition out of farming could have negative impacts on the environment. 
Third, I examine how migration and household capitals influence households to 
change the main energy source of a household: the energy transition from traditional 
energy sources to modern energy sources. Energy transition could be initiated by out-
migration since the energy sources of a household is a matter of financial status as well as 
accepting new ideas (Pachauri and Jiang 2008; Masera, Saatkamp, and Kammen 2000). 
Like agricultural transition, energy transition is also more than an instant switch from a 
traditional one to modern one. Rural households might use multiple energy sources at the 
same time mainly due to cultural reasons and an unstable supply of modern energy 
sources. This means that diverse aspects of energy transition should be explored as well. 
This dissertation will test the perspectives of the energy ladder and the energy stack. The 
energy ladder perspective argues that the source of energy will eventually end in modern 
ones, such as electricity (Smith 1987; Hosier and Dowd 1987). Within this perspective, 
the hierarchy of energy sources has traditional ones at the bottom and modern ones on the 
top. On the other hand, the energy stack perspective insists that there is no hierarchy and 
there are also cultural and social reasons for the choice of energy sources a household 
uses (Joon, Chandra, and Bhattacharya 2009; Hiemstra-van der Horst and Hovorka 2008). 
Exploring energy transition is environmentally important in that it is related to individual 
health, empowerment of women and children at the household level (Farsi, Filippini, and 
Pachauri 2007; Spalding-Fecher 2005; Jiang and O’Neill 2004). At the neighborhood 
level, it is also linked to the issue of natural resource depletion. At the national level, 
increasing high demand for modern energy sources could become a serious 
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environmental issue in the near future since it requires the depletion of other natural 
resources, such as coal, oil or natural gas through the construction of thermal or hydro 
power plants. Understanding environmental transition, therefore, would bring better 
understanding of the current and future trends in socioeconomic development, and better 
prepare changing countries and societies for the future.  
The setting for these proposed analyses is the Chitwan Valley in rural Nepal. This 
is an ideal setting for this study because it has been experiencing rapid socioeconomic 
and environmental changes, which have resulted in a dramatic flow of in- and out-
migration at the domestic and the international levels since the 1950s. In the process of 
rapid changes, the lives of virtually all households in this area have been affected by the 
influx of new knowledge, ideas, and technology since the pace of social and 
environmental changes has been very intense over a very short period. 
The data used to test the hypotheses have been collected for over fifteen years 
since 1996, and it is well-suited to this research. Because the data have collected 
individual migration histories every month since the beginning of the survey in February 
1997, it allows for a tremendous variance in migration experience in each household 
having very different characteristics. More than that, by using another dataset which 
retrospectively collected yearly information of various aspects of individual life from 
1991 to 2008, the type of migration (domestic or international) could be examined as well. 
The data also has rich information about factors related to household capitals and energy 
use at three time points with five-year gaps between surveys so that agricultural and 
energy transitions could be explored thoroughly. Accordingly, it allows me to examine 
how migration and household capitals affect agricultural and energy transitions: the 
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changes in agricultural activities, the changes in modes of production, and the changes in 
the main energy source. In addition, the data from neighborhood histories allow me to 
control for the socioeconomic context of Chitwan influencing the transitions.
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BACKGROUND 
 
This study attempts to answer three important questions regarding the effects of 
migration and household capitals at the household level on agricultural and energy 
transitions which include the changes in agricultural activities, the modes of production, 
and main energy source. Migration is an important event in that it constantly interacts 
with the lives of people in destinations as well as in origins. In other words, it is a 
complicated social phenomenon since countless on-going factors at macro and micro 
levels influence the rate of migration, and the ever-changing migration patterns affect 
those factors in return (Massey, Arango, Hugo, Kouaouci, Pellegrino and Taylor 1993 
and 1994). Understanding and integrating these interactions is a big challenge for any 
study because there are many aspects to be examined to figure out the complexities of 
migration. Facing this challenge, this dissertation conceptualizes migration as the main 
cause and the transitions in agriculture and energy as the outcomes. Before 
conceptualizing the issues with migration, I briefly describe the setting. 
 
Internal Migration of Nepal 
To understand internal migration patterns in Nepal, the geography and ecology of 
Nepal should be understood first. According to the National Population and Housing 
Census 2011, Nepal is a country with the population size of total 26,494,504, and 
Kathmandu as the capital city. The whole country is located on the southern slope of the 
middle Himalayas, so the top part of the country is mountainous, the middle part is hilly, 
and the bottom part is relatively flat plain. Due to this reason, Nepal is divided into three 
ecological zones: mountain, hills, and Terai. According to the descriptions of weather 
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conditions in those three ecological regions by the Central Bureau of Statistics (2003), the 
environmental condition of the mountain zone is harsh: low temperature, snowy 
mountains and peaks. The hill zone has moist sub-tropical climate, but it is hilly: the 
altitude ranges from 610 meters to 4,877 meters.  As a result of these unfriendly 
environmental conditions, there have been historically a large number of out-migrants 
from these two regions. For example, one of the surveys in the hill zone shows that about 
87 percent of males looked for seasonal jobs away from their homes while, at the national 
level, about 25 percent of the population experienced migration in the 1960s (Whelpton 
2005). The Terai zone, on the other hand, has humid tropical and sub-tropical climate in 
low altitudes. In the monsoon season, rainfall is enough to support the rich agricultural 
land of Terai, and consequently, agricultural productivity is much higher in the Terai 
compared to the other two regions. Due to this friendly climate and high agricultural 
productivity of the Terai as pull factors, the Terai has been the primary destination for 
internal migrants of the mountain and hill zones. According to the 2003 report by the 
Central Bureau of Statistics of Nepal, the control of endemic malaria in combination with 
a friendly climate and high agricultural productivity in the Terai region since the early 
1950s drove internal migration from high land to lower land as well. The same 
information source indicates that the number of life-time inter-zonal migrants was 
445,128 in 1961, and 40 years later, the number reached 1,727,350 in 2001. As a result, 
the Terai held 35.2 percent of the population in 1952/54, but it occupied 48.4 percent of 
the population in 2001 and the number keeps increasing. Accordingly, the proportions of 
the whole population of the other two zones have decreased.  
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The available land, mostly for farming, is limited in Nepal, but the continuous 
flow of people from upland goes primarily to the Terai. Consequently, population density 
has risen dramatically over time in the Terai. The population density (persons per km
2
) of 
the Terai changed from 85 in 1952/54 to 330 in 2001. The population density of the 
mountain zone, on the other hand, increased from 22 in 1971 to 33 in 2001, and the 
density of the hill zone increased from 99 to 167 during the same period. In other words, 
the overall population pressure has increased in all three ecological zones, but it has 
increased significantly more in the Terai zone. 
Since climate and agricultural productivity have been two of the main causes of 
internal migration in Nepal over time, rural to rural migration has dominated the majority 
of internal migration for a long time, not rural to urban. In all three ecological zones 
(mountain, hill, and Terai), rural to rural migration consists of 68.2 percent of all internal 
migration in 2001 while rural to urban migration only occupies 25.5 percent (Central 
Bureau of Statistics 2003). This indicates that the majority of people are still seeking 
agricultural opportunities. However, the pattern over time shows that more and more 
people have migrated to urban areas, such as Kathmandu, Kaski, Lalitpur, and Bhaktapur 
(Sill and Kirkby 1991). Looking at the main reasons of internal migration over time, in 
1981, about 28 percent of internal migrants answered agriculture as their main reason of 
migration while about 18 percent of internal migrants picked agriculture as their main 
reason in 2001 (Central Bureau of Statistics 2003). Yet, it should be emphasized that the 
main flow of internal migration has been to the Southern part of Nepal, which indicates 
that most Nepali still look for available and rich land that guarantees better income than a 
poor peasant farmer (Sill and Kirkby 1991). 
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International Migration of Nepal 
Historically, Nepal has received many immigrants from the Northern part of India 
and the Southern part of Tibet due to geographical intimacy. The diverse ethnic 
composition of Nepal would explain this historical migration in the past (Massey, Axinn, 
and Ghimire 2010). The recent pattern of international migration since 1950 has been 
affected by several factors. First of all, the border between Nepal and China became 
closed since 1950, while the border between Nepal and India has remained open. 
Especially the provision in the Nepal India Treaty of 1950 in Article VII drove the 
significant flow of international migration between two countries (Central Bureau of 
Statistics 2003). The Article VII guaranteed the nature of residence, ownership of 
property, participation in trade and commerce, movement and other privileges of a 
similar nature for the people from both countries. As a result, most of the foreign born 
populations in Nepal are from India, about 96 percent since 1961, and concentrated in the 
Terai zone. And the most popular destination among international migrations from Nepal 
has been India with over 70 percent of total emigrants since 1952 (Central Bureau of 
Statistics 2003). One additional factor that affected this migration pattern to India on a 
large scale was the fact that people in the hill zone preferred to migrate to India rather 
than migrate to the Terai zone due to the fear of endemic malaria in the Terai regions 
before the early 1950s. 
Second, due to the high population growth, the Nepal government initiated a 
Family Planning program since the mid-1960s and the formulation of a Population Plan 
and Policy during the period of 1975-1980 to regulate the flow of international migration 
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(Central Bureau of Statistics 2003). Despite this regulation, however, international 
migration has continued to thrive. 
Third, the national economic plan which dates from 1956 encouraged 
international migration as well as internal migration. There have been seven plans 
between 1956 and 1990, and all of the seven plans focused on three goals: a significant 
increase in gross domestic product (GDP), building the infrastructure for the development, 
and political stability (Sill and Kirkby 1991). The improvement in transport and 
communication systems remained as the core part of the plans until 1974 since the 
developments in major infrastructure are visible and measureable (Sill and Kirkby 1991). 
Better infrastructure, especially better transport and communication systems, enhanced 
Nepal population’s mobility, internally and internationally. As a result, the overall 
number of international migration has increased significantly from 198,120 in 1952/54 to 
762,181 in 2001. However, the proportion of individuals absent from Nepal relative to 
the total population stayed still around 3 percent during the same period, and the 
proportion of international migration to India has gradually decreased over time. This 
indicates the emergence of new destinations for Nepali emigrants, such as Saudi Arabia, 
Qatar, Gulf countries, and East Asian countries (Central Bureau of Statistics 2003). This 
new migration pattern also indicates a brain and brawn drain out of Nepal in recent years. 
 
Remittance from Migrants  
There is a high interdependence between remittance and migration at the internal 
and international level (Connell and Conway 2000). The overview of internal and 
international migration in Nepal shows the large on-going flow of people in and out of 
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Nepal. Since a better opportunity for upgrading their financial status is one of the main 
reasons of migration for households confronting poverty, especially in rural areas, the 
remittance from migrants would affect the lives of remaining families in origin areas 
(Seddon, Adhikari, and Gurung 2002). According to the study of Seddon et al. (2002), of 
the whole remittance value to rural households in Nepal in 1995/6, about fifty-five 
percent of remittance is from international migration, and the rest forty-five percent is 
from internal migration to urban or rural areas of Nepal. By gender, the major portion of 
remittance (more than eighty percent) is from sons rather than daughters. This implies 
that migration is male dominant in Nepal. Considering that international migration needs 
more financial resources to make it happen, the number of migrants is smaller for 
international migration. However, the fact that the remittance value from international 
migrants is larger than the one from internal migrants indicates the large size of 
remittances from foreign countries. 
This value of remittances, however, is significantly underestimated in Nepal. 
Substantial numbers of people migrate illegally, and a big portion of the remittances from 
migrants are coming to Nepal through illegal routes. These informal routes are called 
“hundi” system (Seddon et al. 2002). According to their conservative estimates from the 
data in 1996, the size of remittances from international migrants was expected to be about 
$574 million, instead of about $50 million which was the official estimation. This huge 
gap is possibly due to the fact that about 75 percent of remittances are transferred by 
person and 2 percent by hundi system according to the Nepal Living Standards Survey 
2004. Only two percent of migrants used financial institutions such as a bank. But this 
does not mean that the size of remittances from internal migration is small. In 1996, over 
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40 percent of the total value of remittances to rural households was from internal 
migrants (Seddon et al. 2002). In 2004, however, the total value of remittances from 
urban or rural migrants consisted of only about 8 percent while the one from international 
migrants comprised ninety-two percent (Central Bureau of Statistics 2004). Because of 
this, the share of remittances in total income among remittance receiving households 
increased from 27 to 35 percent in 2004. The number of recipients also increased from 23 
percent in 1996 to 32 percent in 2004. Furthermore, the total value of remittances 
increased significantly from 13 billion NRs to 46 billion NRs. By ecological region, in 
the Terai in 2004, about 43 percent (compared to Hills 48 percent) of households 
received remittances, and about 38 percent (compared to Hills 34 percent) of total income 
was from remittances (Central Bureau of Statistics 2004). This implies the increasing 
significance of international migration and remittances for the livelihoods of people in 
Nepal. Considering that the dataset for this dissertation covers from 1996 to 2006 and 
later, this pattern of remittances would be emphasized and considered carefully for the 
interpretations of the results.  
How people use this increasing value of remittances is the next question. 
Remittances could be used in many ways at the household level. Previous studies argue 
that the primary uses are consumption objectives, which has been seen negative to the 
economy of the receiving regions and the households, such as conspicuous consumption 
(Karpestam 2012; Jokisch 2002; Conway and Cohen 1998). However, Connell and 
Conway (2000) insist that non-economic utilities should not be ignored and are as 
important as economically ‘productive’ goals. Thus, the livelihood of households should 
be considered when it comes to the ways of spending remittances. Based on the contexts 
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of island states of the South Pacific and the Caribbean, they elaborate six recipient 
strategies: family and dependent basic needs (e.g., food, cloth, or health), savings, human 
capital investments (e.g., education or welfare), location-specific capital ventures (e.g., 
land, house, or business property), diversified micro-economic investments (e.g., small 
shops), community support realizing social capital, and reproduction of migration. The 
priority goes to the one with the most immediate needs and is decided by the size of the 
remittance. For example, building a new house for the new family would not come before 
the remittances satisfy the basic needs of the household. When money is being 
accumulated over time through savings, or when the size of the remittances is big enough, 
the household would think about the next necessities, such as education of a child, 
remigration, starting a small shop, and so on. The analysis results of Airola (2007) in the 
context of Mexico in 2000 show that the households receiving remittances spend it more 
on durables (e.g., domestic appliances or furniture), health care, and housing and less on 
food compared to the households not receiving remittances. He argues that this is the 
evidence that remittances are used more likely for investment rather than consumption as 
argued by some of the previous studies. 
To summarize, the implications of the recipient strategy framework by Connell 
and Conway (2000) are that remittances is one of the central parts of the understanding of 
migration effects; and that the size of available remittances and the socioeconomic status 
of a household at the time of migration should be considered to understand how 
migration affects agricultural and energy transitions. 
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THEORETICAL CONSIDERATION AND HYPOTHESIS 
 
There has been increasing recognition of the importance of the interrelationship 
among environment, migration, and socioeconomic development over the last few 
decades. Despite the importance, however, not enough attention has been given to the 
multidirectional relationships between them (Hugo 2008). Among all areas of studies, 
demographic studies especially tend to have focused on the relationship between 
environment and migration.  
We first look at the research on the effects of environment on migration. There is 
an increasing number of studies exploring this relationship. In general, it is about 
“environmental refugees.” Yet, this concept is still unclear for several reasons. First, 
environmental factors are difficult to be separated from other factors; second, finding the 
line between forced and voluntary migrations is difficult; third, migration is becoming a 
more and more complex event (Dun and Gemenne 2008). To overcome these limitations, 
Bates (2002) suggests a few ideal types of criteria that categorize environmental refugees: 
whether it is natural or anthropogenic, acute or gradual, or intentional or unintentional 
(Bates 2002). Then, migrants in each group could be categorized into three types of 
disruptions: disasters, expropriations, and deterioration. Rapid changes consist of natural 
disasters and expropriations, such as hurricane, tsunami, nuclear meltdown, or dam 
building. Gradual changes comprise the decrease in soil, water, or air qualities, which are 
linked to environmental deterioration. Since gradual changes includes the whole 
complexity of migration decisions (Bates 2002), and rapid changes are more visible and 
instant compared to gradual changes, migration by gradual environmental deterioration 
has been relatively understudied. There have been other important studies trying to find 
 18 
 
 
solid evidence of environmental refugees in diverse contexts, such as Nepal, Ecuador, 
Ghana, and Burkina Faso. The results of those studies show that the following 
environmental factors increase the likelihood of local or internal migration, not 
international migration: the perception of the declining agricultural productivity and 
increasing time to collect fuel wood (Massey et al. 2010; Shrestha and Bhandari 2007), 
poor land quality and harvest fluctuation (Gray 2008), poor fertility of land and 
availability-abundance of land (Van der Geest 2009), and low level of average rainfall 
(Schoumaker and Beauchemin 2004). This does not imply that environmental factors are 
on top of other factors explaining migration, such as social capital, human capital, and so 
on. The results emphasize the fact that the environmental aspect of migration has been 
relatively neglected in previous studies. 
Next, we look at the research on the other way around: the effects of migration on 
environment. This direction might have been more explored than the opposite direction 
(Hugo 2008; Suhrke 1994). However, as the review by Hugo (2008) implies, it heavily 
focuses on internal migration, and much less on international migration despite a 
potential impact of it. Thus, differentiating internal migration from international 
migration and testing each type of migration is worth to be explored. Besides, most 
studies look at the influence of mass inflow of migrants on the environment of 
destinations (Hugo 2008), not the outflow of migrants or the return of migrants on the 
environment of origins, especially at the household level. Furthermore, most of the 
studies are focusing on direct and visible results, such as deforestation or desertification. 
In my opinion, this is mainly due to data limitations, such as a short survey period forced 
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by a limited budget, too many possible predictors affecting the outcomes, and a high level 
of complexity of the interactions among them. 
One of the main reasons that the research on population and environment has 
focused on the inflow of migrants, not the outflow, is that population growth and density 
has been pointed out as one ultimate factor affecting the environment of a given region in 
the short and long terms (Carr, Lopez, and Bilsborrow 2009). From an ecological 
perspective, Demeny (1990) argues that those findings of negative consequences of 
population growth on environment are, in many cases, against development. But the 
difficulty is that we need to achieve both development and the conservation of 
environment. He insists that for the findings of ecological changes to be relevant to 
public policy and to be productive in every sense, they need to be integrated in broader 
conceptual models including human behavioral responses. In addition, they should be 
considered in the context of time and be ranked by the relative importance of each 
response. Looking at the transitions in what people do at the household level, therefore, is 
important since it complements the link between migration and its environmental 
consequences.  
The review on the interactions between migration, agricultural transition, and 
environment in the context of Kenya by Greiner and Sakdapolrak (2013) narrows down 
the issues surrounding the interactions between migration and environment into three 
main research questions: 1) the effects of loss of labor on agricultural productivity; 2) the 
expenditure of remittances; 3) agricultural intensification or transition out of farming. 
The questions in my dissertation integrates those three questions and address them in the 
setting of Chitwan, Nepal: how migration as well as household capitals impacts 
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livelihood of rural households, focusing on the changes in agricultural activities, modes 
of production, and their main energy source in the context of the socioeconomically 
changing agricultural region of Chitwan, Nepal. 
To understand these transitions, we need to first explore the link between 
population growth and its potential demographic and economic responses thoroughly. 
This is so in that population growth is highly related to: 1) food production, which 
depends heavily upon agricultural productivity, which again relies upon environmental 
conditions; 2) out-migration through household livelihood diversification strategies. 
Moreover, all of these interact with each other. Thus, understanding the link is the first 
step towards the consideration of the relationship between migration, household capitals, 
and agricultural and energy transitions. 
 
Theoretical Consideration 
More than a century ago, Thomas Malthus studied the relationship between 
population growth and agricultural production (Davis 1955). In general, he accepts 
agricultural production as the cause and population growth as the effect. He argues that 
population size cannot grow more than the size which the maximum agricultural 
productivity of land can support. This argument is supported by two facts. First, 
population cannot continue to increase without enough food to support the size. Second, 
available land and the agricultural productivity of land are always limited. Boserup 
(1965), however, opposed this argument. She insists that the direction can be the opposite: 
agricultural production relies upon population growth under certain conditions. As the 
size of population increases, subsequently population density as well, people try to find 
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ways to feed the increasing population: one of the favorite ways is intensifying 
agriculture. Then, the population can continue to increase without food problems as 
Malthus anticipated. During this intensification period, people should work extra hours to 
meet the same amount of agricultural production: the output per man-hour decreases with 
intensification. However, in the long run, the output per man-hour in other activities 
would rise while the one in agriculture decreases, which would be in increasing pace 
eventually. Boserup (1965) expects that rural areas, where agriculture is the main source 
of income, would experience a large-scale labor drain to urban areas to find less arduous 
occupations in non-farming sectors during this process. In this situation, food prices 
would go up in urban areas as a result of increased population density unless the 
government holds the food price for the development of urban areas as in the case of 
South Korea in the 1960s (Scitovsky 1985). However, this could be the incentive for rural 
people to intensify their farming systems, and subsequently, it would result in higher 
wages in rural areas. Therefore, it is anticipated that agricultural intensification and 
expansion would continue and thrive, and so does internal migration.  
This agricultural innovation might not be induced only by population growth 
though. The expanding market in a global economy, the tremendous flow of information 
across the globe, government policies, and international aid could play a significant role 
for countries to accept agricultural intensification as well (Carr et al. 2009). Especially 
the latter two could be integrated into the so-called Green Revolution initiated in the 
1960s, though whether the Green Revolution over decades has been a success or not is in 
question, and its long-term impacts on the environment have been turned out to be 
negative (Hazell 2009; Niazi 2004; Pimentel and Pimentel 1990). 
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Boserup’s perspective has been criticized, however, mainly for focusing only on 
economic response and ignoring demographic responses (de Haan 1999). Bilsborrow 
(1987) argues that Kingsley Davis’s theory of the multiphasic response complements 
Boserup’s view with a demographic perspective. Kinsley Davis’ theory could be seen as 
the integration of the works by Maltus and Boserup (Carr et al. 2009). Davis (1963) 
questions what brought the steep decline in fertility in Japan. Some previous studies on 
this topic argued that it was due to an exceptionally high abortion rate. Davis opposed 
this idea. It was true that abortion was popular in Japan around that time, but it could not 
be the main factor because abortion had been prevalent in most developed countries 
through history. Instead, he pointed out five main responses: contraception, sterilization, 
emigration, postponement of marriage, and celibacy. Davis insisted that those five 
responses are the main demographic responses of people in most countries experiencing 
sustained population growth caused by the decline in mortality. If we compare the pattern 
country to country, we can find more similarity in demographic responses than 
dissimilarity. Thus, he argues that the exceptional rapid decline in fertility of Japan was 
not caused by some specific values or cultures existing only in Japan. It was one of the 
demographic responses in the face of the rapid population growth with the fear of the 
decline in accustomed standard of living at that time. In sum, Davis’ theory of 
multiphasic response emphasizes the demographic responses, not economic responses, to 
population growth. 
Integrating these two perspectives, Bilsborrow (1987) suggested three types of 
responses: demographic, economic, and demographic-economic. Demographic responses 
are the responses Davis (1963) pointed out: the changes in nuptiality and marital fertility. 
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Economic responses are the responses Boserup (1965) pointed out: agricultural 
extensification and intensification. Demographic-economic response is permanent or 
seasonal out-migration at the internal and international level. And each of these responses 
takes place under certain conditions though they are not completely exclusive. 
In summary, each perspective of Boserup, Davis, and Bilsborrow considers the 
population growth as the trigger of the responses. But it should be noted that all the 
responses are ongoing responses interacting with each other. As Hugo (2008) points out, 
indeed, the relationships between environment, migration, and development are 
multidirectional. For instance, Lohrmann (1996) asserts that the significant influx of 
migrants into one region, which is caused by various social and demographic factors, 
would impact the environment of the same region. Subsequently, the changed, usually 
degraded, environment would influence migration patterns of the region as well as on-
going socioeconomic changes. Thus, it makes a cycle, and the flow of this cycle 
continues. Migration patterns, environmental changes, and rapidly changing 
socioeconomic conditions of Chitwan clearly demonstrate this cycle; therefore it is an 
ideal study site to examine the relationships among population, environment and 
development. As examined in the setting, Chitwan has received many migrants from 
various ecological regions of Nepal over history, mainly due to the availability of fertile 
land and friendly weather conditions in the Terai area, and it has been causing out-
migration at internal and international levels. This out-migration would bring social and 
financial remittances and subsequently affect how people live. Since environment and 
what people do are dependent on each other, which household-level transition is initiated 
or induced due to migration and household capitals is an important question to search for 
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better understandings about the multiphasic relationships between population and 
development.  
It is also important to recognize that the decision of migration is often made at the 
household level (Connell and Conway 2000). It is also true in the context of Chitwan, 
Nepal (Regmi 2014). This means that to understand the relationships, each should be 
understood in the frame of the livelihoods of individuals and households who 
continuously try to adjust themselves not only to the changing environment, but also to 
socioeconomic, political and other on-going transformations (Foresight 2011). This 
perspective would be well explained by the perspective of new economics and the 
livelihood approach. Both views fit in the explanation with the focus on the ability of a 
household minimizing risks and maximizing what they have for the future. 
The perspective of new economics emphasizes the tendency of households to 
diversify income sources. According to this view, migration decision could be considered 
as the coping strategy at the household level to reduce any risks related to livelihood. To 
overcome two major limitations of the previously dominant perspective (neoclassical 
economics which ignores the context of individual choices and assumes a perfect 
rationality of an individual), new economics consider the context, which is a family or a 
household (Jennissen 2007; Massey et al. 1993). In this view, the decision of migration 
depends not only on an individual, but also on other family members surrounding an 
individual. Also, the decision of migration is understood as to diversify income sources. 
In less developed countries, such as Nepal, income sources are significantly less stable 
compared to the ones in other developed countries. Insurance systems, such as crop 
insurance and unemployment insurance, are not reliable or common in less developed 
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countries, and future markets and capital markets cannot be guaranteed due to unstable 
economic conditions. As a result, rural households in developing countries are more 
likely to send migrants out, internally and internationally, to the developed areas to 
diversify and secure income sources. Thus, considering the low level of socioeconomic 
status of Chitwan, the setting of this dissertation, this view would explain why Chitwan 
has been experiencing a high volume of labor migration in recent few decades. 
The livelihood approach expands the scope of new economics by weaving the 
diversification of income source into household livelihood diversification. This is 
important in that it brings in other sides of livelihood, such as natural capital, not only the 
economic side. This perspective considers various types of resources a household would 
utilize for their current and future livelihood. Most importantly, the livelihood approach 
emphasizes various aspects of “wealth.” This perspective argues that terms, such as “poor” 
and “low socioeconomic status” do not fully describe the overall wealth of a household 
(de Sherbinin, VanWey, McSweeney, Aggarwal, Barbieri, Henry, Hunter, Twine, and 
Walker 2008). For example, a household could be poor in financial capital, but rich in 
social capital (de Sherbinin et al. 2008; Reardon and Vosti 1995). And there are things 
that cannot be obtained by financial capital, but by social capital, such as information. 
Therefore, diverse aspects of household resources should be considered independently 
and together. According to the theoretical framework by Ellis (2000), the wealth of a 
household comprises five forms of capital: natural, social, human, physical, and financial 
capitals. The combinations of these five types of capitals build up the overall wealth of a 
household. Natural capital consists of land, water, and biological resources that people 
utilize to sustain and survive. In the context of a farming society, for example, quality or 
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types of land can be a natural capital. Physical capital is a capital creating a flow of 
outputs for the future. In other words, agricultural tools, for example, purchased by a 
household to generate financial capital for their future livelihood is a physical capital 
since it is a physical tool obtained to produce income in the future. Human capital is 
comprised of education, skills, and health. And financial capital consists of money, 
savings and credit. Since not many societies have stable and reliable insurance systems, 
such as a bank, especially among developing countries, and the accessibility to them 
should be considered carefully. In some underdeveloped societies, as a result, other forms 
of financial capital substitute the insurance system. Like the case of rural Ethiopia Ellis 
(2000) used as an example, in Chitwan, Nepal, poultry and livestock work as a buffer to 
avoid the risk of losing their savings and money due to the instability of the insurance 
system since it can be substituted relatively easy with cash at big markets, like 
Narayanghat. Last, social capital is comprised of social ties within communities, between 
household, and among individuals. Kinship and friendship are good examples of social 
ties that embrace reciprocity, which is the key concept of social capital.  
However, simply having any of these types of capital does not mean that a 
household can use it effectively. An important constraint is whether or not a household 
has the ability to liquidate one capital for another capital. This is called substitutionability 
of capitals (de Sherbinin et al. 2008; Reardon and Vosti 1995). In other words, how easy 
a household can access those five capitals and how easy a household can transform one 
capital to another are also important to understand the livelihood of rural households. For 
example, a household that tries to sell their land to educate their children is substituting 
their natural capital with human capital to eventually enhance their financial capital or 
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social capital by maximizing the opportunity for their children to work in the non-farm 
sector. In sum, the livelihood approach emphasizes that rural households are constantly 
juggling diverse types of capitals for a better future.  
<Table 1> summarizes the theoretical framework of the livelihood approach by 
Ellis (2000). Rural households try to utilize the best out of their household capitals to 
secure or improve their current and future livelihood. Accessibility to capitals, however, 
might be dependent on 1) demographic and socioeconomic status; 2) social rules, 
customs, and laws surrounding and governing households and individuals; 3) or 
organizations that have significant influences on both of them. For example, accessibility 
to financial capital might be much higher for males than females in a patriarchal society, 
like Nepal. Or a culture emphasizing strong kinship might create strong social capital for 
families. Diverse demographic, socioeconomic and environmental contexts shape 
livelihood strategies of rural households at the same time; population change, high 
volume of out-migration, unstable markets, foreign aid, disasters, or wars affect the 
options that rural households choose to secure and upgrade their livelihood. These 
contexts are important in that they are closely related to the issues of vulnerability which 
affect and shape the livelihood of those households. For example, in a situation of natural 
disaster, like flood, households with low socioeconomic status usually get the most 
damage due to the lack of safety nets while the households with high socioeconomic 
status get much less damage. The choices rural households make in these diverse contexts 
can be called livelihood strategies, if we put it differently, and those strategies could be 
natural resource based activities, such as fuel wood collection for heating and cooking or 
rice cultivation for every day meals. Sometimes, they could be non-natural resource 
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based activities, such as salary employment, business, labor migration, and so on. The 
choices rural households make directly and indirectly result in the changes in their lives 
through the changes in the level of income or degrees of the stability of income sources. 
Those changed livelihood strategies also influence the surrounding environment in a 
predictable way or sometimes unpredictable way in a short-term as well as long-term. 
Finally, all of these factors come back to the creation of household capitals and make a 
connected circle of livelihood.  
From this perspective, agricultural transition with the focus on the changes in 
agricultural activities and modes of production can be seen as one of the numerous 
livelihood diversification strategies that have significant effects on living standards as 
well as the sustainability of the surrounding environment (Ellis 2000). Unlike agricultural 
transition, on the other hand, energy transition is relatively difficult to be understood in a 
livelihood diversification perspective. Changing the main energy source of a household 
from traditional ones to modern ones is not necessarily to secure or improve their current 
livelihood. It is more likely a consequence caused by the increase in income or better 
infrastructure (Jiang and O’Neil 2004). Despite this, household capitals, which are the 
key elements of the livelihood perspective to look at different aspects of wealth, would be 
better tools to explain this transition rather than just a focus on the income of a household. 
This is because energy transition is not just a matter of financial status and infrastructure, 
but also a matter of how a household accepts it (Masera et al. 2000). Therefore, I argue 
that it is important to explore the effects of household capitals as well as migration as 
crucial factors affecting the decision making of rural farming households on energy 
transition. I will elaborate on these arguments below. 
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Changes in Agricultural Activities as a Response to Migration. Without doubt, 
out-migration of any household members reduces the available labor of a household for 
any activities. This would significantly affect labor-intense activities of farming 
households. Thus, reduced labor of a household would result in the changes in the 
livelihood strategies of a household until migrating household members return, and there 
is high chance that changed ways of living persist afterwards. I expect that one 
reasonable way a farming household would try to adapt is to intensify farming methods to 
compensate for reduced labor power. This is so in that those households still need to 
secure the current income sources despite the lack of labor. For example, a household 
might use more chemical fertilizer than before to compensate for the decrease in farming 
productivity caused by the loss of labor. Even though their livelihood security is not in 
danger, farming households might want to have better productivity by using more and 
better chemical fertilizer to pursue a better standard of living with the money transferred 
from successful migrants. 
Another option for agriculture intensification is raising poultry, which creates 
additional profit alongside farming in the context where agriculture is the main business. 
Poultry farming includes raising chickens, ducks, and pigeons, and poultry farming has 
been the booming business in the last few years in Chitwan, Nepal. The rising land price 
over time might have made this choice attractive to some farmers. Bilsborrow and 
Pamela (1990) insist that it is inevitable to face rising land price in agricultural regions as 
population density goes up with limited land area. This rising land price would create a 
gap in land possession among farmers with different socioeconomic classes. For example, 
those farmers with normal socioeconomic status would have less financial or social 
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resource than the farmers with high socioeconomic status, and the average size of land 
the farmers with high socioeconomic status would be significantly larger than the former. 
Then those households with relatively large land would try to get the most profit out of it, 
and one promising option for them could be raising poultry or even industrial-level 
poultry farming. Since raising poultry requires a certain level of financial level, migration 
would help farming households to raise additional poultry to diversify their livelihood for 
the future. Or keeping poultry could be a good strategy to keep their financial remittance 
from migrants safe under the circumstance that the insurance system is unstable, 
especially in underdeveloped countries. When the stability and security of banking 
systems available for rural households are questionable considering the market situation 
of a given country, substituting money with poultry would work as a reliable buffer for 
the breakdown of insurance systems of a society where agriculture is the main business, 
like Chitwan, Nepal. Based on these considerations, the first set of hypotheses is that 
migration at the household level would increase the likelihood of agricultural 
intensification. 
Environmental Consequences of the Changes in Agricultural Activities. In the 
relationship between humans and the environment, the problem is that nature can 
absolutely sustain or even thrive without humans, but we leave footprints on the 
environment (Kitzes, Wackernagel, Loh, Peller, Goldfinger, Cheng, and Tea 2008; 
Institute for Environmental Security 2004). Agricultural intensification could be one of 
the footprints that have negative impacts on environment, such as soil degradation, water 
degradation and greenhouse gas emission, when there are no proper government or 
community-based regulations (Raut et al. 2010; Hazell 2009; Niazi 2004; von Westrap 
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Schreier, Brown and Shah 2004; Pimentel and Pimentel 1990). More cropping rotations 
and more use of chemical fertilizer are found to be the two main culprits (Westrap et al 
2004). Poultry farming is also associated with deforestation, land degradation, water 
pollution and worse individual health (Van Boeckel, Thanapongtharm, Robinson, 
D’Aietti, and Gilbert 2012; Otte, Roland-Holst, Pfeiffer, Soares-Magalhaes, Rushton, 
Graham and Silbergeld 2007; Berka et al. 2001). Not only the farming itself, but also the 
increasing demand for poultry, especially in developing countries, is another problem 
linked to deforestation (Boucher, Elias, Goodman, May-Tobin, Mulik, and Roquemore 
2012).  
Furthermore, since the degradation of the quality of water and air, which people 
share in the same region, is the problem of common property, agricultural intensification 
is highly related to the theory of common property (Acheson 2000). Land is most likely 
private property so farmers would not exploit their own land, but there are two 
possibilities of exploitation. First of all, less educated farmers might not know the fact 
that what they do now would cause negative results in the future of the same land. 
Second, their circumstances might make them to exploit their own land through 
intensification for their livelihood they need to improve right now. Some farmers have to 
exploit their land even though they know what it would cause for future crop production, 
and this creates a vicious circle between poverty, exploitation, and environment. 
Especially the second scenario tells us that environmental choices are indeed dependent 
on income level, knowledge, and individual preferences (Demeny 1990).  
Changes in the Modes of Production as a Response to Migration. Households 
might try to diversify their income sources by changing the modes of production rather 
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than by adjusting their agricultural activities. According to the study by Hussein and 
Nelson (1998), a livelihood diversification in the form of non-farm activities is one of the 
notable coping strategies of rural households in the settings of Bangladesh, Mali, Ethiopia 
and Zimbabwe. Levitt (1998 & 2001) argues that migration brings not only financial 
remittance, but also social remittances, such as experience, new ideas and thoughts. This 
implies that, besides money, what migrants have seen and experienced in migration 
destinations might have changed the way they looked at the world and could affect what 
they have been doing for living (Dabir, Daroudi, and Khazri 2013). In other words, 
considering that migration is often to more developed areas of a country or the world, 
what they have seen in their destinations could have given some insights or new thoughts 
about the ways in which a society develops in the near future. This means that households 
with migrants would consider some options for their future livelihood, and with enough 
resources accumulated through financial remittances of migrants and under appropriate 
socioeconomic conditions, they are very likely to pursue the new ways of living. 
Accepting that most opportunities in developed cities and countries are in the non-farm 
sector, this new ways of living tend to be wage and salary jobs or even running a business. 
Therefore, migration experience could be positively associated with the changes in the 
modes of production especially for farming households.  
This pattern would be more common for young generations than for old 
generations. Young age groups tend to leave farming due to occupational career, lifestyle 
change, or financial decisions (Gale 2003). As Boserup (1965) mentioned, young people 
might just want to pursue less arduous occupations than farming whenever there is a 
chance. Thus, direct and indirect migration experience would stimulate this tendency of 
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young generations mainly through social remittances. This pattern also implies that 
education, which could implant new information, thoughts and ideas, would affect the 
decision of how to diversify their livelihood for not and the future. Since education is the 
most important prerequisite to get most wage and salary jobs, education is very likely to 
have positive relationship with the changes in the modes of production.  
However, the studies in the context of China show that the relationship might not 
be a straight line but more likely to be a reversed U-shape (Willmore, Cao, and Xin 2011). 
Put it differently, there is an appropriate level of education and age for non-farm work 
opportunities that correspond with the level of socioeconomic development of a given 
society. Willmore et al. (2011) argue that this might be due to the fact that jobs on the 
market of a given region in China do not require high education, and because of that, high 
education could work as a disadvantage, not as an advantage. In fact, another study on 
migration decisions in the context of Chitwan, Nepal, also shows that individuals with 
high levels of education tend not to migrate but to find a job in the non-farm sector 
(Regmi 2014). 
In addition, the study of Leonard, Deane, and Gutmann (2011) indicates that the 
existence of young household members would encourage a head of farming household to 
invest more in farming to meet the increasing demand for food consumption and 
household expenditure in the future. It is important to recognize that this result does not 
mean that farming households always try to intensify farming no matter what options are 
available. This should be understood in the framework of livelihood diversification. For 
instance, when a household decides to continue and intensify farming, this could imply 
that farming is a more attractive livelihood option than any other choices because it 
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guarantees enough profit for the future consumption level of the family. Thus, if there are 
better options than farming, or if the conditions for farming degrade, a household would 
consider other available options rather than remain with farming. I expect that one of the 
most attractive options in the context of a socioeconomically developing society, like 
Chitwan, would be changing the modes of production, from farming to non-farming. 
These considerations illustrate that not only migration, but also the socioeconomic 
context of a person would affect agricultural transition. Another study focusing on 
farming between 1978 and 1997 in the context of the U.S. shows that the entry and exit 
of young farmers vary by economic conditions of a given region (Gale 2003). The result 
implies that, even if a household wants or is forced to diversify and secure their 
livelihood, they might have to continue or intensify farming because that is the only and 
the best available option they have.  
To summarize, rural farming households might tend to change the modes of 
production, from farming to non-farming: 1) when migration experience in a developed 
society provided new thoughts and ideas for future livelihoods of migrants’ households; 2) 
when enough resources are accumulated through financial remittances from migration; 3) 
there is a young and educated member in a household; 4) when farming does not 
guarantee the best profits in origin communities, and there are sufficient number of non-
farm opportunities requiring a certain level of working experience and education. 
Integrating all these considerations, the second set of hypotheses is that migration at the 
household level would increase the likelihood of the changes in the mode of production 
out of farming. 
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Environmental Consequences of the Changes in the Modes of Production. 
The theory of common property is used to derive the negative impact of agricultural 
intensification on environment. However, some studies show that collective power at the 
community level could protect this tragedy (Katz 2000; Ostrom, Burger, Field, Norgaard, 
and Policansky 1999; Gibson and Koontz 1998). Pretty and Ward (2001) emphasize 
social capital when it comes to the management of natural resources. In general, when 
people share common interests and there are proper routes and conditions to integrate 
those interests, strong social capital would be created and work effectively for the 
protection of the environment. The transition from farming to non-farming caused by out-
migration, however, might weaken social capital. There is a high chance that the 
migration-induced transition out of farming would weaken connectedness, upon which 
social capital is based, since people do not share the same interests anymore when it 
comes to the environment.  
Energy Transition as a Response to Migration. Besides agricultural transition, 
energy transition is also an important transition that is coupled with short- and long-term 
environmental consequences. Under the context of a socioeconomically developing 
region, like Chitwan, the main energy source of rural households is very likely to convert 
from traditional ones, such as fuel wood and sawdust, to modern ones, such as gas and 
electricity, which indicates the rise in energy demand in the coming years (IEA 2013).  
There are a variety of factors affecting energy transition at different levels. 
Previous studies have shown that the main causes of this transition are income (Pachauri 
and Jiang 2008; Jiang and O’Neill 2004). Thus, in the setting of a high volume of 
migration, there is a high chance that financial remittances from migration would 
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accelerate energy transition. Not only financial remittances, but also social remittances 
from out-migration would accelerate the transition as well since energy transition is also 
a matter of accepting new ideas. The study of Masera et al. (2000) in the setting of 
Jaracuaro, Mexico, points out that rural households might keep using traditional energy 
sources even though they are capable of purchasing modern energy sources. The main 
reason is that traditional energy sources are considered to be better and more appropriate 
than modern ones for cooking traditional meals and parties. This fact implies that energy 
transition is not only a matter of financial status of a household, but also a matter of how 
people perceive and accept a new technology. In other words, cultural barriers or lack of 
familiarity to modern techniques could delay the transition. And migration experience 
could be a good catalyst for the transition since there is a high chance that migrants are 
more likely to be exposed to modern energy sources and the idea of using them than non-
migrants during migration. Therefore, it is likely that having migrants in a household 
would accelerate the transition.    
However, more questions on the transition process remain regarding whether or 
not 1) a household would completely abandon traditional energy sources and only accept 
modern ones; 2) a household would use both with different purposes at the same time. 
The first question is related to fuel switching, and the second question is linked with fuel 
stacking (Heltberg 2004). Fuel switching is a complete transition from one to another 
energy source while fuel stacking is adding additional energy sources to traditional ones. 
The view focusing on complete transition is summarized as the “energy ladder model” 
(Smith 1987; Hosier and Dowd 1987). This model has been criticized mainly for ignoring 
the fact that rural households in developing countries are using multiple energy sources 
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combining traditional and modern ones together (Joon et al. 2009; Hiemstra-van der 
Horst and Hovorka 2008). This new perspective is summarized as the “multiple fuel 
model” (Masera et al. 2000). The reason for using multiple energy sources might be 
cultural as described before, but another reason could be found at the neighborhood level: 
accessibility to modern energy sources and quality of the supply (Pachauri and Jiang 
2008). In most rural areas in developing countries, including Chitwan, Nepal, the access 
to modern energy sources, such as electricity, is still limited. Also the supply of it is very 
unstable; for instance, the sudden blackout of electricity is quite common in Chitwan. In 
fact, the supply of electricity in Chitwan has been affected significantly by severe 
droughts since the main power generation of electricity has been by hydropower plants 
which rely on the condition of river flows. In addition to droughts, some forest 
conservationists also argue that the low river levels are due to the forest depletion in 
recent years (Setopati 2014). Due to this reason, even if a house is electrified, the 
household might keep using traditional energy sources to prepare for frequent 
disconnections.  
It is important to recognize that the two perspectives, energy ladder and multiple 
fuel models, might not be two completely different arguments. Based on the previous 
research, it seems that using multiple energy sources is one of the coping strategies as a 
buffer due to the instability of the supply of modern energy sources in a given region. 
Therefore, as the infrastructure of the region improves, in a positive case of a scenario, 
the supply will be stabilized and most households would eventually transition from 
traditional ones to modern ones. Further, experience during migration would accelerate 
this trend. This indicates that the level of energy transition could be a reasonable 
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indicator to assess which stage a given society is in. In addition, if we see this as a coping 
strategy, it is also possible to hypothesize the opposite direction of the transition which 
has not been studied well: from modern ones to traditional ones.  
In this dissertation, I will focus on the transition from traditional energy sources to 
modern ones. These considerations lead us to the third set of hypotheses that household 
capitals and migration would increase the likelihood of energy transition. 
Environmental Consequences of Energy Transition. The 2014 report by the 
United Nations on water and energy sends us a few important messages that increasing 
energy demand, especially from countries under rapid socioeconomic development, in the 
coming years will be at serious risk without proper management and regulations at the 
national and global level (WWAP 2014). According to the report, this growing demand 
also means significant environmental impacts on water specifically in those countries 
since most power generation is water-intensive. In sum, the report shows the growing 
concern over the long-term environmental impacts of livelihood transitions accompanied 
by urbanization in the setting of developing countries with poverty. Nepal is not an 
exception. According to the Nepal Living Standards Survey 2003/04, about 37% of the 
all households in Nepal had access to electricity. This is a huge increase from 14% in 
1995 though it is still at a very low level compared to other countries.  
In addition, major sources to generate modern energy, especially electricity, are 
nuclear, coal, and natural gas and the energy demand will continue to rise, not decrease, 
in the future (IEA 2013). There are recyclable resources available, such as wave, 
geothermal, wind, tide, and solar power, but it is difficult for developing countries to 
adapt those new technologies due to the low effectiveness of them at the current stage of 
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technology and numerous issues involving government budgets and base infrastructure. 
So we might not be depleting natural sources surrounding us, such as fuel wood, but at 
least it is still happening somewhere else. In fact, even most developed countries still use 
hydropower plants, thermal-based plants, and nuclear power plants to generate power 
(IEA 2013). And many developing countries have already built or are planning to build 
them as well in the near future. Thus, until the technologies for alternative energy sources 
are available for less developed countries, a fast energy transition in those countries 
might not be beneficial at the global level. In sum, to catch up with the rising demand for 
modern energy, it is still unavoidable to deplete natural resources at a faster rate than ever 
in most developing countries. This does not mean that rural households in developing 
countries should not alter the main energy source, however. I argue that it is necessary to 
fully understand the transition at the household level as a first step towards the creation of 
“better” alternative ways of energy generation in the near future. 
Increasing demand for energy is not just a matter of rural households with high 
socioeconomic status: it is also related to household fission and the spread of the nuclear 
family (Ruggles 2007). In many countries, the number of households is increasing, but 
average household size is decreasing (Knight and Rosa 2012; Lui, Daily, Ehrlich, and 
Luck 2003). This is related to the higher level of consumption since, at the aggregate 
level, for example, two households with a smaller average size consume more resources 
than a single household with a larger household size (Knight and Rosa 2012; Entwisle, 
Walsh, and Rindfuss 2005). In addition, the creation of a new household independent 
from their parents is likely to use more natural resources, especially woods, for housing. 
In the context of Chitwan, Nepal, remittances from migrants enable a household to build 
 40 
 
 
a new ‘modern’ house. Where migration is prevalent, acquiring modern goods is 
considered to be a main consumption goal, and building a modern house is thought to be 
one of the favorite choices (Connell and Conway 2000). This has been affecting the 
condition of the forest in Chitwan since new modern houses require more wood for 
window frames, doors, and so on. This increasing demand for wood has often been 
satisfied with an illegal supply from the forests surrounding the region.  
Though there is a concern over the rise in energy demand in the future and its 
impacts on water quality at the aggregate level, some studies argue that energy transition 
from traditional ones to modern ones is beneficial at the household and neighborhood 
levels. It is beneficial at the household level in that burning traditional energy sources, 
such as wood or coal, for cooking or heating would deteriorate indoor air quality by 
releasing harmful particles in the air which would affect the health of the residents 
(Spalding-Fecher 2005; Heltberg 2004). Moreover, the transition would reduce the time 
for collecting traditional energy sources, so it would earn extra time for women and 
children to invest in other activities. For young children, having electricity could also 
make them free from fuel wood collection activity so that they can invest more time in 
studying. Thus, energy transition could open the first, but important, step towards the 
empowerment of women and children in developing countries. At the neighborhood level, 
energy transition could be beneficial in that it would lower the chance of deforestation in 
a region by reducing the dependency of households on the surrounding natural resources 
(Heltberg 2004). 
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Hypotheses 
Having discussed the setting, framework, and theoretical considerations, I derived 
three main hypotheses of my research. I now divide those three broad hypotheses into 
several detailed sub-hypotheses, which could be tested empirically by using the Chitwan 
Valley Family Study (CVFS). The main conceptual model is shown in <Figure 1>. 
I describe them in two sections that correspond with the three areas of inquiry in 
this proposal: the effects of household capitals and migration on the changes in 
agricultural activities, in the modes of production, and in the main energy source.  
 
Decision making on Agricultural Transition. In this dissertation, first two 
chapters of the analyses cover the effect of household capitals and migration on 
agricultural transition; this transition includes the changes in agricultural activities and in 
the modes of production. In the first chapter of the analysis, I focus on the former: the 
changes in agricultural activities. Agricultural activities include farming land, renting 
land out, usage of chemical fertilizer and raising poultry. These activities are appropriate 
indicators to assess whether or not a household is intensifying or de-intensifying 
agriculture. In general, the increase in the size of farming land, in the amount of chemical 
fertilizer used, and in the number of poultry raised indicate agricultural intensification. 
On the other hand, the decrease in the size of farming land, in the amount of chemical 
fertilizer used, and in the number of poultry indicate agricultural de-intensification. The 
increase in the size of land for rent also indicates agricultural de-intensification. It should 
be noted that increasing the size of farming land is seen as extensification rather than 
intensification in most livelihood studies, but to simplify the term in my dissertation, I 
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will consider the increase in the size of farming land as agricultural intensification. 
Besides, increasing the size of land could be seen as intensification as well since it would 
require more agricultural resources for farming including chemical fertilizer and more 
use of land.  
The following chapter looks at another aspect of agricultural de-intensification: 
the changes in the modes of production. These changes include the transition from 
farming to non-farming at the household level as well as the transition to the first salary 
employment and first business out of home at the individual level.  
As discussed theoretically, migration, as a livelihood strategy diversifying income 
sources could be the key factor for households to intensifying farming. The qualitative 
study of Moran-Taylor and Taylor (2010) in the setting of Guatemala found that 
migration and remittances made the remaining household members invest more in 
agricultural technology and new house building. Further, the households with migrants 
tend to purchase more land or change the main crops they grow from cereal, such as rice, 
wheat, millet or maize, to vegetable. In general, growing vegetables instead of cereal is 
considered to be a market-driven farming, so this transition indicates the direction of the 
transition in this region is towards agricultural intensification. Another study by Bohra-
Mishra (2013) using the Chitwan Valley Family Study data also supports most of the 
results. In this study, expectations to receive remittances is used instead of the actual 
amount of remittance due to the data limitation, and the results show that remittances 
have a positive association with more investment in farming assets.  
In the context of China, domestic migration is negatively associated with farm 
productivity (Li and Tonts 2014). They found that the more the number of migrants in a 
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household and the higher the remittances from migration, the lower the productivity from 
their agricultural activities. And the results show no effect of the duration of migration on 
farm productivity. They argue that migration is associated with less investment of rural 
farming households in agriculture mainly due to the loss in labor in a household. And to 
compensate for the loss of labor, those households tend not to invest in labor-intensive 
agricultural activities.  
This pattern, however, could be differentiated by the degree of economic 
capability of a household to afford international migration. The study of Mendola (2008) 
in the context of Bangladesh around 1995 found that the households that have the 
financial ability to send a household member internationally are more likely to invest in 
agricultural technology while the households without enough financial ability are more 
likely to migrate internally and remain in poverty. This result implies that the changes in 
agricultural activities might be less likely to be the result of migration, but more likely to 
be the result of the current socioeconomic status of a household. Subsequently, the result 
also tells us that using the framework of the livelihood perspective which dissects 
household wealth into five capitals, which are human, natural, physical, financial, and 
social capitals, is relevant for this study focusing on the effects of household capital and 
migration on agricultural transition.  
In terms of the effects on environment, the study of von Westarp et al. (2004) 
points out frequent cropping rotation and improper use of chemical fertilizer as two main 
means of agricultural intensification affecting soil fertility in the context of the mountain 
region of Nepal. More detailed analysis on the same topic was conducted by McCarthy, 
Carletto, Kilic, and Davis (2009). They examine the effect of migration on the 
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reallocation of resources in agriculture considering migration and remittances at the 
household level in the context of Albania around 2002. Agricultural activities are defined 
with the considerations of: forest and natural pastures, which are not labor and capital 
intensive: staple production (wheat, maize, potatoes, and beans), which is labor intensive 
but not capital intensive; forage production, which is labor and capital intensive; fruit and 
livestock production, which are capital intensive. Based on the fact that migration causes 
the loss of labor in a household, but most likely increases the financial status of a 
household, they hypothesized a positive effect of migration on livestock production and 
fruit production, and a negative effect on staple crop production. As expected, they found 
that more international migrants decrease the likelihood of the investment in staple crop 
production, but it has a positive effect on livestock production and this is due to its capital 
intensive nature. However, they also found the positive effect of migration on the 
investment in forest and pasture and negative impact on fruit production. Interestingly, 
the experience of international migration to Greece increases the investment in fruit 
production. They speculate that this pattern is due to the agriculture-related occupations, 
mostly at fruit farms, they served in Greece. This result emphasizes that different 
migration experience accompanied by different ideas and information could bring 
different impacts on diverse transitions back in the origin communities.   
On the other hand, migration and remittances might not cause any changes in 
agricultural activities. In the context of migration between Ecuador and the U.S. around 
1995, the qualitative study of Jokisch (2002) found that households did not either 
abandon or invest more in farming despite the fact that the households with at least one 
migrant received substantial amounts of financial remittances. He points out that this is 
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mainly because: first, they incurred substantial debt to migrate internationally so they 
have to repay it before other necessities, which is hard to be achieved due to poor job 
opportunities and the illegal nature of migration in many cases; second, among all the 
options, agricultural improvement is not a good investment option to improve their 
standard of living in a given economic and environmental conditions; third, people still 
consider agriculture as the business they have to continue no matter what. The study by 
Davis and Lopez-Carr (2014) in the settings of Central American countries also could not 
find a positive or negative relationship between migration experience and investment in 
agricultural activities.  
While focusing on the relationship between migration and agricultural activities, 
it is important to note that migration would not only affect agricultural activities, but also 
extend a livelihood of a rural household beyond agriculture to the non-farm sector. 
According to the categorization by Ellis (2000), household income can be grouped into 
three types: farm income, off-farm income, and non-farm income.  Farm income includes 
all the income generated by farming activities on their own or shared land.  Off-farm 
income includes the income generated by working for other farms through wage or labor 
exchange. This type of income is prevalent in the context of developing countries 
especially. Off-farm income can also include the income generated from local 
environmental resources, such as fuel wood and medical herbs.  Last, non-farm income 
includes the income source not based on agriculture: salary or wage employment, self-
employment, and remittances from internal and international migration. In sum, first two 
income sources are based on agriculture, and the last one is based on non-agricultural 
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activities: for example, working at a restaurant or a bike shop in downtown, running a 
pharmacy, and so on.   
Migration experience and remittance might drive some household members to 
pursue their career in the non-farm sector. The study by Miluka Carletto, Davis, and 
Zezza (2010) shows this pattern; migration could work as a pathway to change the modes 
of production away from farming in the context of Albania. They examined permanent 
international migration and found that migration significantly decreases the hours of 
labor in agriculture. The main causes are narrowed down to two factors, reduced labor 
and better financial status achieved by financial remittance.  
Another study at the individual level based on a survey that followed some 
immigrants to Germany around 1984 shows that migrants tend to be economically active 
after they returned to their home countries and most of them worked in the non-farm 
sector, especially as entrepreneurs or salaried workers (Dustmann and Kirchkamp 2002). 
The study also shows that the level of education is also positively associated with non-
farm activities after they return. The study of Yuqi (2010) in the context of China 
supports this result by showing that labor opportunity costs, larger area of land and higher 
household income is negatively associated with labor intensity on grain production. In 
other words, the study argues that a farming household is more likely to invest its extra 
household labor in non-farm activities, not in agricultural activities.  
In case that the non-farm sector is not well developed, however, farming 
households would diversify their income sources by extending to the off-farm sector. The 
study of Beyene (2008) in the setting of Ethiopia points out individual health and training 
on non-farm activities, the availability of credit and transfer income, and small land size 
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as the factors positively affecting households’ participation in off-farm activities. The 
level of education at the individual level shows no significant effect on the participation 
in off-farm activities. In the setting of Chitwan, Nepal, on the contrary, education 
measured with school attainment and school enrollment show different results (Yabiku 
and Schlabach 2009). The accumulated years in school accelerates employment while 
staying in school delays it.  
 
Moderating Factors – Household Capitals. Migration is not only an 
independent factor influencing agricultural transition, but also considered as one of the 
important factors that moderates the relationship between household capitals and 
livelihood strategies in the perspective of the livelihood approach. To rephrase it, the 
dynamic nature of migration combined with various factors at the individual, household, 
and contextual levels makes it more than a single factor: migration can play an important 
role in affecting household livelihoods through household capitals. Migration would 
affect the ways of utilizing household capitals, which are composed of five capitals: 
human, natural, physical, financial, and social capitals. In general, households with 
migrants are more likely to be affluent than non-migrant households because of financial 
remittance, and more acceptable of new ideas and thoughts mainly because of the 
experience in more developed socioeconomic conditions during migration, which can be 
narrowed down to the concept of “culture of migration” (Heering, van Der Erf, and van 
Wissen 2004). These characteristics would interact with household capitals, and 
consequently, migration and household capitals combined together would affect how a 
rural household react to rapidly changing socioeconomic conditions. In other words, how 
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a rural household would decide to use remittances from migration would vary by what 
kinds of capitals they have and how much of each at a given time.  
First, human capital would moderate the relationship between migration and 
agricultural transition. Agricultural transition includes the changes in agricultural 
activities and in the modes of production. In this dissertation, human capital involves 
household size by age groups and educational attainment. In general, being rich in human 
capital would encourage a household to stay away from farming rather than stay in 
farming. However, there could be some variations. Many household members of working 
age, between 15 and 60, would encourage a household to exit farming, but not to 
completely stay out of it because the household could invest some labor in farming and 
the rest in non-farm activities at the same time. This pattern would be strengthened with 
migration experience which brings social and financial remittances. On the other hand, 
many old household members, being poor in human capital, would likely cause a 
household to retire from farming and rely on savings or remittances. Migration would not 
play a different role on agricultural activities in this case due to the lack of labor in a 
household. Therefore, when it comes to household size, being rich in human capital 
would be associated with higher chances for a household to invest less in agricultural 
activities.  
Education as a human capital would play a significant role for a household to stay 
away from farming. Highly educated household members tend to find non-farming 
occupations more attractive than farming-related occupations (Willmore et al. 2011). This 
is so since educated people would want to get the best out of their investment in 
education. Further, non-farming occupations require a certain level of education and also 
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guarantee higher and more stable income than farming in most cases. As a result, it 
becomes a very attractive option for educated individuals. This is more likely to happen 
under the condition that there are enough non-farm working opportunities outside a 
household or when the access to those opportunities is not difficult. Therefore, a high 
level of education would be associated with higher chances for a household to invest less 
in agricultural activities and transition to non-farm activities. Successful migration would 
help a household to stay away from farming because financial support through remittance 
would sustain the livelihood of a household while one or multiple household members 
find non-farm occupations, such as wage, salary jobs, or even start a new business.  
On the contrary, if there are not enough off-farm opportunities in a given region 
and the access to those opportunities is relatively difficult, it would be more attractive to 
invest in farming than in non-farm activities. In this case, a high level of education could 
mean better knowledge about modern agricultural products and techniques, such as 
proper ways of using chemical fertilizer or genetically modified seeds, better 
understandings in the agricultural market economy of a given region, and better 
management of farming and harvested agricultural products. In sum, a high level of 
education would significantly increase the accessibility to information sources for better 
methods of agricultural activities. In this case, remittances, experience and information 
from migration would rather support a household to stay and invest better in farming than 
to getting a job in the non-farm sector.  
Second, natural capital would moderate the relationship between migration and 
the agricultural transition. Natural capital involves environmental perceptions and the 
possession of land. Environmental perceptions, measured by the perceptions on water 
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quality in this dissertation, measures how a household perceives their surrounding 
environmental conditions compared to the past. Previous studies show that how farmers 
perceive the conditions of land has significant impacts on agricultural transition (Raut et 
al. 2010; Paudel and Thapa 2004). This is so because agriculture is highly dependent on 
the surrounding environmental conditions and it is very difficult to continue farming 
under the condition of a degrading environment. A poor environmental condition would 
make a household to stay away from agricultural activities and to consider other options, 
like finding a job in the non-farm sector. This means that negative environmental 
perceptions would be associated with high chances for a household to move away from 
agricultural activities. This pattern would be affected by successful migration since 
migration would provide relevant resources and new ideas for the transition. When the 
perception is positive, migration would be more likely to support agricultural 
intensification since farming would be a more promising option with less risk of losing 
crop productivity. When the perception is negative, on the other hand, migration would 
help a household to transition away from agricultural activities and change the modes of 
production since they would not be an encouraging option when it is expected not to meet 
the required productivity for their livelihood.  
Another component of natural capital is a possession of land. When a household 
owns land that produces enough for their livelihood, social and financial remittances 
from migration would work in a way that encourages a household to invest more in 
agriculture. It would be less risky for households to pursue an already stable income 
generating source, which is farming in this case. If a household owns unprofitable land or 
does not own land at all, the accumulated resources and experience from migration would 
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lead to a better chance for the household to pursue non-farm opportunities, like wage or 
salary jobs. Thus, I expect that the effects of natural capital are dependent on 1) whether a 
household owns land or not, and 2) what type of land a household possesses. In the 
context of Chitwan, Nepal, there are mainly two types of land: bari and khet. Khet land 
(irrigated lowland) is considered to be good quality farm land suitable for rice cultivation 
while bari land (upland) is considered as relatively low quality farm land (Bhandari 2004). 
Therefore, having khet land would be associated with the expectation for high crop 
production, and having bari land would be associated with low expectation. As migration 
moderates environmental perceptions, a household with bari land would be less likely to 
invest in agricultural activities and stay away from them in the future while a household 
with khet land would be more likely to invest in agricultural activities.  
Third, physical capital would moderate the relationship between migration and 
agricultural transition. Physical capital consists of housing quality, agricultural equipment 
and consumer items. Housing quality represents the symbolic socioeconomic status of a 
household in general. Having a house with good housing quality would imply that the 
household is affluent since building a good house or upgrading the materials used for a 
house requires substantial resources. I expect that if a household had accumulated their 
wealth through farming, they are more likely to stay in farming, and migration would 
assist the household to intensify it. On the other hand, if the household had accumulated 
wealth through non-farm activities, such as salary employment or business, they are more 
likely to move out of farming. My speculation is that the pattern is inclined towards 
households moving away from farming since the direction of socioeconomic 
development in progress in most countries has been towards the decrease in the size of 
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the agricultural sector and the increase in the size of the non-farm sector. Subsequently, 
there would be more and more opportunities in the non-farm sector, and as a result, 
investing a household’s time and resources in agricultural activities would become very 
unattractive for most households in the future.  
Besides housing quality, another physical capital, agricultural equipment and 
consumer items, would also moderate the relationship between migration and agricultural 
transition. Agricultural equipment includes tools for farming, such as a tractor and a 
pumpset, and consumer items include items, such as television and radio. Successful 
migration would encourage a household to keep investing in agriculture especially when 
a household has many pieces of agricultural equipment to maximize the use of their 
current investment. When a household owns many consumer items, however, the 
household would be more likely to move away from agricultural activities and migration 
would hasten it. Considering that the most components of consumer items in my 
dissertation are the ones that deliver information, I assume that having many consumer 
items is linked with a high exposure to the media. In fact, most information from the 
media is from India and western countries in the context of Chitwan (Yabiku 2006). And 
the exposure to the media, such as television, radio, and newspapers, has significant 
influence on accepting new values, norms and information (Lee and Tse 1994). Thus, 
those households with more consumer items would have lower threshold to accept new 
ideas, values, norms, and information from the media, which would encourage them to 
pursue non-farm activities, compared to other households with few consumer items.  
Fourth, financial capital would moderate the relationship between migration and 
agricultural transition. As discussed in the theoretical considerations, referred to Ellis 
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(2000), livestock or poultry can be considered as financial capital since they can be 
liquidated easily or used directly as cash in the context of an agricultural society. In fact, 
since the poultry farming became popular in 1995, Chitwan supplies more than 60% of 
the total poultry of Nepal (Bohra-Mishra 2013). Considering the market conditions, it 
would not be difficult for households to liquidate their poultry into cash. Having many of 
them would also indicate that a household is in favor of agriculture since raising a 
substantial number of livestock and poultry represent agricultural assets that farming 
households invest their resources in. Therefore, being rich in financial capital with 
successful migration would more likely to be associated with a high chance of a 
household to invest in agricultural activities rather than the opposite direction. But it 
should be noted that the fact that livestock and poultry can be easily substituted with cash 
indicates that they can merely be used as cash for various activities including non-farm 
activities despite agricultural nature of those two.  
Last, social capital would moderate the relationship between migration and 
agricultural transition as well.  Social capital would be an indicator of what other people 
do in the same context. For example, if there are numerous households trying to move 
away from agricultural activities and seeking opportunities in the non-farm sector, like a 
salary or wage employment in an urban area of a given region, it would create a certain 
network at the neighborhood level sharing information about the pros and cons of the 
livelihood under the new modes of production. This trend would affect how a household 
in a neighborhood would react to the rapidly changing socioeconomic conditions. 
Migration would encourage or discourage this transition and it is dependent on the social 
condition of a given neighborhood. In the case of a high proportion of households 
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substantially investing in agricultural activities in the same neighborhood, migration 
would support a household to intensify agricultural activities. In the opposite case, 
migration would support a household to invest their resources in the non-farm sector, 
such as getting a salary job in more urbanized area. Based on these considerations, two 
main hypotheses and following sub-hypotheses are derived. 
 
A. Changes in agricultural activities: To test these hypotheses, there are four dependent 
variables: the size of farming land, the size of land for rent, the amount of chemical 
fertilizer used, and the number of poultry a household raises. 
Household capitals: 
HA1: Households rich in human capital are associated with less investment in 
agricultural activities. 
HA2: Households rich in natural capital are associated with more investment in 
agricultural activities. 
HA3: Physical capital is associated with the changes in agricultural activities.  
HA3a: Households possessing more consumer items are associated with less 
investment in agricultural activities. 
HA3b: Households possessing more pieces of agricultural equipment are associated 
with more investment in agricultural activities. 
HA4: Households rich in financial capital are associated with more investment in 
agricultural activities. 
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HA5: Households within a neighborhood with a high proportion of households investing 
in agricultural activities are associated with more investment in agricultural 
activities. 
Interaction effects: How migration is associated with the agricultural activities is likely to 
be dependent on the capitals available to the households. In other words, the effect of 
migration is shaped by household capitals: human, natural, physical, financial and social 
capitals. 
Human capital: 
HA6-1: When households are rich in labor, migration will be associated with less 
investment in agricultural activities. 
HA6-2: When households have more education, migration will be associated with less 
investment in agricultural activities. 
Natural capital: 
HA6-3: When households have poorer environmental perceptions, migration will be 
associated with less investment in agricultural activities 
HA6-4: When households own more productive and valued farmland (khet land), 
migration will be associated with more investment in agricultural activities 
HA6-5: When households own less productive and valued farmland (bari land), migration 
will be associated with less investment in agricultural activities 
Physical capital: 
HA6-6: When households possess many consumer items, migration will be associated 
with less investment in agricultural activities. 
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HA6-7: When households possess many pieces of agricultural equipment, migration will 
be associated with more investment in agricultural activities. 
Financial capital: 
HA6-8: When households raise many poultry or livestock, migration will be associated 
with more investment in agricultural activities. 
Social capital: 
HA6-9: When a high proportion of households in the same neighborhood invest in 
agricultural activities, migration will be associated with more investment in 
agricultural activities. 
 
B. Changes in the modes of production: To test these hypotheses, there are three 
dependent variables: transition from farming to non-farming at the household level, 
transition to the first salary employment and transition to the first business outside the 
home at the individual level. 
Household capitals: 
HB1: Households rich in human capital are associated with a higher chance of the 
changes in the modes of production. 
HB2: Households rich in natural capital are associated with a lower chance of the 
changes in the modes of production 
HB3: Households rich in physical capital are associated with the changes in the modes of 
production. 
HB3a: Households possessing more consumer items are associated with a higher 
chance of the changes in the modes of production. 
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HB3b: Households possessing more pieces of agricultural equipment are associated 
with a lower chance of the changes in the modes of production. 
HB4: Households rich in financial capital are associated with a higher chance of the 
changes in the modes of production. 
HB5: Households within a neighborhood with a high proportion of households 
participating in non-farm activities are associated with a higher chance of the 
changes in the modes of production. 
Interaction effects: How migration is associated with the transition from farming to non-
farming, transition to the first salary employment, and transition to the outside home 
business is likely to depend on the capitals available to the households. In other words, 
the effect of migration is shaped by household capitals: human, natural, physical, 
financial and social capitals. 
Human capital: 
HB6-1: When households are rich in labor, migration will be associated with a higher 
chance of changes in the modes of production. 
HB6-2: When households have more education, migration will be associated with a 
higher chance of changes in the modes of production. 
Natural capital: 
HB6-3: When households have poorer environmental perceptions, migration will be 
associated with a higher chance of changes in the modes of production. 
HB6-4: When households own more productive and valued farmland (khet land), 
migration will be associated with a lower chance of the changes in the modes of 
production. 
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HB6-5: When households own less productive and valued farmland (bari land), migration 
will be associated with a higher chance of the changes in the modes of 
production. 
Physical capital: 
HB6-6: When households have many consumer items, migration would be associated 
with a higher chance of changes in the modes of production  
HB6-7: When households have many pieces of agricultural equipment, migration would 
be associated with a lower chance of changes in the modes of production 
Financial capital: 
HB6-8: When households raise many poultry or livestock, migration would be associated 
with a lower chance of changes in the modes of production. 
Social capital: 
HB6-9: When households are within a neighborhood with higher proportion of 
households participating in non-farm activities, migration would be associated 
with a higher chance of changes in the modes of production. 
 
Decision Making on Energy Transition. Migration would accelerate the energy 
transition from traditional energy sources to modern ones. Previous research has showed 
that enhanced economic status is a prominent factor positively affecting the transition 
(Farsi et al. 2007; Central Bureau of Statistics 2004; Hosier and Dowd 1987). Hence, in 
general, the level of urbanization is an important factor at the aggregate level for the 
transition (Ekholm, Krey, Pachauri, and Riahi 2010). However, other studies have shown 
that energy transition is about more than economic status and the availability of modern 
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energy: household-level factors, such as household size, education, and gender of 
household head; and neighborhood-level factors, such as and government investment, 
accessibility, supply, and price of modern energy are pointed out as the factors 
significantly influencing the transition (Farsi et al. 2007; Jiang and O’Neill 2004; Masera 
et al. 2000). 
The study of Jiang and O’Neill (2004) in the setting of China emphasizes the 
importance of household size and education. The results show that: 1) the smaller 
household size is, the less likely a household uses biomass; 2) if a household is headed by 
a male with a professional occupation, the household is less likely to use biomass 
compared to a household with a head who is a farmer. This reflects the fact that the 
collection of traditional energy sources, such as fuel wood, is mostly done by young 
household members in developing countries; further, it also implies that experience and 
knowledge play an important role for the use of modern energy sources. The results also 
show that the geographic location and conditions have significant influences on the use of 
traditional energy sources. In other words, accessibility to an energy source is one of the 
key factors deciding the transition. The study of Farsi et al. (2007) in the setting of urban 
India agrees with most of these results. Instead of looking at the use and non-use of 
biomass, however, they directly looked at the transition from firewood to kerosene and 
liquid petroleum gas (LPG) by adapting the perspective of the energy ladder model. One 
major difference in the results is the result for household size: the larger household size is, 
the more likely a household uses a modern energy source, such as LPG. 
As discussed previously, the energy transition as well as a growing number of 
households would obviously increase the demand for modern energy, especially 
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electricity, in the near future. Combining these two conditions together, a sufficient 
household livelihood assisted by migration through social and financial remittances 
would leave noticeable footprints on natural resources at the household, neighborhood, 
and global levels (Liu et al. 2009; Kitzes et al 2008). Based on these considerations, 
hypothesis 3 is derived.  
 
Moderating Factors - Household Capitals. As discussed, human capital, which 
is comprised of household size and education, has a positive association with energy 
transition. Having large numbers of household members of working age could provide 
extra labor to invest in production other than agricultural activities. Thus, it could be 
associated with a higher chance of migration and other income generating activities in 
general. Subsequently, a large household size with migration experience would be 
associated with a higher chance of the transition. On the other hand, having a large 
number of household members of young age could delay the transition since they do 
collect most of the traditional energy sources, especially fuel wood, in the setting of 
developing countries, so it might give a household the idea that it is not necessary yet to 
transition from traditional energy sources to modern ones.  
Education would be positively linked with more use of consumer items, such as 
home appliances, that requires a consistent supply of electricity (Farsi et al. 2007; 
Heltberg 2004). In addition, a higher level of education would make a household more 
acceptable to new ideas and information. This could also be supported by migration 
experience with social remittances, and consequently, migration would strengthen the 
positive association between education and energy transition. In addition, due to the 
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effect of social remittance of migration, migration might replace the role of education at a 
certain degree when the level of education of a household is low.  
Natural capital would be also associated with energy transition. If a household 
possess a positive natural capital, for example, having a positive environmental 
perception and good land (khet land) for farming, the household might be willing to keep 
using traditional energy sources as long as possible and use the remittances from 
migration for other activities. In the opposite scenario, having a negative environmental 
perception and poorer quality land (bari land) for farming, a household with migrants 
would be willing to use their resources for the purchase of modern energy sources since 
they would expect less collection of traditional energy sources in the near future.  
Physical capital would be associated with energy transition. Having many 
consumer items would be positively associated with energy transition. To operate all the 
modern appliances, such as television, radio, etc., electricity is a necessary condition. 
And migration experiences would boost this pattern: because migrants are more likely to 
work in developed regions or countries rather than less developed areas, it is likely that 
they are already used to the convenience of modern energy sources; in addition, migrants 
are more likely to be ready to accept new ideas or information in general after they return 
due to their experience at their migration destinations. And yet, having many pieces of 
agricultural equipment would have a negative association with energy transition. It would 
reflect the fact that a household invested a substantial amount of resources in agricultural 
activities and is willing to continue doing so in the future. Investment in agricultural 
activities indicates better accessibility to and supply of traditional energy sources. In 
other words, it would be easier for a household to collect traditional energy sources than a 
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household with much less investment in agricultural activities.  As a result, most 
resources from migration would be used for other non-farm or off-farm activities rather 
than agricultural activities. And the effects of migration and agricultural equipment might 
cancel each other out.  
Financial capital affects energy transition as well. Although financial capital in 
the form of cash would be positively associated with the transition as previous studies 
have found, financial capital in the form of livestock and poultry might have different 
impacts since they can be categorized as agricultural assets. As discussed before in the 
case of natural and physical capitals, having many livestock and poultry could indicate 
agriculture-friendly nature of a household. Therefore, being rich in financial capital in the 
forms of livestock and poultry might delay the transition. However, in fact, they can be 
easily liquidated into cash in the setting of developing countries, so financial capital 
might have a positive relationship with energy transition.  
Last, social capital would be also associated with energy transition. In the context 
that a high proportion of households in the same neighborhood use modern energy 
sources, they would share the pros and cons of using them. And as a result, social and 
financial remittances from migration would boost this transition. In the context that a low 
proportion of households in the same neighborhood use modern energy sources, on the 
contrary, they would be reluctant to transition from traditional ones to modern ones and 
use the resources for other activities. Consequently, migration in this case would be 
negatively associated with the transition. Based on these considerations, one main 
hypotheses and following sub-hypotheses are derived. 
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C. Changes in the main energy source: To test these hypotheses, there is one dependent 
variable: the transition from traditional energy sources to modern energy sources. 
Household capitals: 
HC1: Households rich in human capital are associated with the transition to modern 
energy sources. 
HC1a: Households with many household members of young age are negatively 
associated with the transition to modern energy sources. 
HC1b: Households with many household members of working age are positively 
associated with the transition to modern energy sources. 
HC1c: Households with high education are positively associated with the transition 
to modern energy sources. 
HC2: Households rich in natural capital are negatively associated with the transition to 
modern energy sources. 
HC3: Households rich in physical capital are associated with the transition to modern 
energy sources. 
HC3a: Households possessing more consumer items are associated with a higher 
chance of the transition to modern energy sources. 
HC3b: Households possessing more pieces of agricultural equipment are associated 
with a lower chance of the transition to modern energy sources. 
HC4: Household rich in financial capital are positively associated with the transition to 
modern energy sources. 
HC5: Household rich in social capital are positively associated with the transition to 
modern energy sources. 
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Interaction effects: How migration is associated with the energy transition is likely to 
depend on the capitals available to the households. In other words, the effect of migration 
is shaped by household capitals: human, natural, physical, financial and social capitals. 
Human capital: 
HC6-1: When households have more household members of young age, migration would 
be associated with a lower chance of the transition to modern energy sources. 
HC6-2: When households have more household members of working age, migration 
would be associated with a higher chance of the transition to modern energy 
sources. 
HC6-3: When households have more education, migration would be associated with a 
higher chance of the transition to modern energy sources. 
Natural capital: 
HC6-4: When households have better environmental perceptions or more productive and 
valued farmland (khet land), migration would be associated with a lower chance 
of the transition to modern energy sources. 
Physical capital: 
HC6-5: When households possess more consumer items, migration would be associated 
with a higher chance of the transition to modern energy sources. 
HC6-6: When households possess more pieces of agricultural equipment, migration 
would be associated with a lower chance of the transition to modern energy 
sources. 
Financial capital: 
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HC6-7: When households raise many poultry or livestock, migration would be associated 
with a lower chance of the transition to modern energy sources. 
Social capital: 
HC6-8: When households are within a neighborhood with higher proportion of 
households using modern energy sources, migration would be associated with a 
higher chance of the transition to modern energy sources. 
 
Further considerations for migration. The event of migration that is 
hypothesized to affect agricultural and energy transitions constantly interacts with the 
livelihoods of rural households in Chitwan, Nepal. Thus, the characteristics of migration 
would affect their livelihood differently in terms of the magnitude of financial support, 
new experience, values and knowledge. One of the major factors that would characterize 
migration is the type of migration: if a migration is domestic or international. In general, 
the magnitude is stronger in cases of international migration since migrants usually spend 
longer duration in destinations when the move is to other countries. There might be two 
reasons for this: the characteristics of the jobs they serve in destinations and the amount 
of financial investment they spent to migrate in the case of international migration 
compared to domestic migration.  
According to Thieme and Wyss (2005), two main characteristics of international 
migration in Western Nepal are long-term and repetitive. Based upon the survey in the 
area of Sainik Basti, Western Nepal in 2002, they found that the duration of international 
migration is more than twelve months on average and returned migrants often emigrate 
again domestically or internationally. The main reason of repetitive migration is due to 
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the fact that how long they stay in each country depends on the characteristics of the job 
they serve: for example, if a migrant serves as a soldier in India, he stays between fifteen 
and twenty years; in the case of migration to the Gulf countries as a construction worker, 
he stays between two to four years. In addition to the types of jobs in destinations, 
poverty also adds one more layer to this complexity of migration, especially in 
developing countries (de Haan 1999). Due to the low socioeconomic status of most rural 
households, many migrants would have debt before and after the time of migration. They 
also might have borrowed some money to migrate, and it becomes the additional debt 
they need to pay fully sooner or later (Connel and Conway 2000). If the amount of debt is 
big, people would not be able to deviate from just paying the debt until some point of 
time. Despite the financial burden for international migration, successful migration brings 
much better financial support than domestic migration. According to the Nepal Living 
Standards Survey 2004, the mean value of remittances from internal migrants was 13,698 
NRs (about $138) while the one from international migrants was 63,627 NRs (about 
$643). In some cases, migrants bring money back with them when they return (Thieme 
and Wyss 2005), so the effect of migration might initiate after they come back, not when 
they leave. And in many cases, a remaining household can survive while the migrants are 
away because they would take loans from neighbors or relatives until the migrants come 
back and repay it then (Thieme and Wyss 2005). 
In addition to this financial advantage of international migration, living 
experiences in other countries, especially in countries socioeconomically better off than 
Nepal, would provide migrants new ideas, values, and experiences. This aspect of 
migration can be well explained by diffusion theory. According to Casterline (2001), 
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diffusion theory is the theory emphasizing the significant changes in attitudes and 
behaviors and the spread of them through personal or social interactions. Although the 
theory sprung from the consideration of fertility, this view of diffusion theory is relevant 
to the research on migration. The main reason is that the central part of the theory stresses 
the interactions at the various levels of our society through the spread of new ideas, 
norms, and values as insisted by Bongaarts and Watkins (1996). According to their 
argument, social interactions consist of “the exchange of information and ideas, the joint 
evaluation of their meaning in a particular context and social influence that constrains or 
encourages action.” Further, social interaction works through the channels: local, national, 
and global channels. The availability or fluidity of channels hastens or delays, for 
example, the pace of fertility decline contingent on the level of socioeconomic 
development. They assert that the degree of socioeconomic development is not enough to 
explain the decline in fertility in most countries by itself because social interactions at 
each level of a channel play a significant role in the transition. In sum, diffusion theory 
emphasizes the interactions at the multiple levels, which is also relevant to the event of 
migration and what migration brings to origin communities. Yet, this does not mean that 
internal migration has no significant effect on how people think and behave; as 
emphasized by Bongaarts and Watkins (1996), there are local channels as well as national 
or global channels. Their argument indicates that the size of the ideational impact of 
domestic migration would be substantially different from international migration since 
they are at different level of channels.  
The elaboration of the perspective of diffusion theory and social interactions 
could be summarized into the concept of social remittances in migration studies. As 
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Levitt (1998 and 2001) insists, migration brings social remittances, such as new ideas and 
values, in addition to financial remittances. Migrants with social remittance return and 
communicate with non-migrants in their households and neighborhoods. Yet, how much 
and what non-migrants would accept depends on the characteristics of recipients and 
remittance. For example, younger generations tend to accept new ideas and values 
significantly easier than older generations, especially when they are adapted to outside 
cultures from other countries especially through the form of mass media, such as songs 
and movies. But in the case that they are not accustomed to those new cultures, the larger 
the socioeconomic and cultural difference between a destination and an origin, the more 
difficult it is for recipients to accept these social remittances. In this sense, the gap 
between communities in the same country would be smaller than the gap between 
communities in different countries. Thus, the experiences from internal migration and 
international migration would bring different types of social consequences in tandem 
with economic consequences. 
On the other hand, Robson and Nayak (2010) argues that international migrants 
tend to stay at destinations permanently and be detached from the community activities at 
origins as the duration of international migration increases. As a result, remaining 
families of international migrants are more likely to abandon what they have been doing 
for livelihoods, for example, agriculture or aquaculture, and to be dependent on 
remittances until they emigrate internationally as well. Moreover, young generations are 
more likely to do so due to the on-going momentum of migration initiated by social 
remittances from previous generations. This implies that migration, especially 
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international migration, might affect households to change their modes of production 
rather than to continue agricultural activities.  
International migration, however, might not be always better off than domestic 
migration. In some cases, international migration is not a matter of choice, but a matter of 
an inevitable livelihood strategy. According to the 2014 briefing paper focusing on 
international migration in Nepal by the Overseas Development Institute (ODI), some 
household members are expected to migrate internationally due to a poor economic 
condition in a given region. However, based on the cases studies of ODI, international 
migration does not always help remaining households financially mainly due to loan 
payments, harsh working conditions and salary issues in destinations. International 
migration also puts some burdens on the shoulders of the remaining household members 
in terms of workload, especially spouses and children.  
Based on these considerations, another hypothesis is derived. And the effects of 
domestic and international migrations on agricultural and energy transitions will be tested 
as an additional analysis.  
 
HD: international migration would have stronger effects than domestic migration for 
agricultural and energy transition. 
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<Table 1> Framework of Livelihoods Analysis 
 
Assets Mediating processes Activities Effects 
A B C D E F 
Livelihood 
platform 
Access 
modified by 
In context of Resulting in Composed of With effects on 
Assets Social relations Trends 
 
Natural resource-based 
activities 
Livelihood security 
natural  
physical  
human  
financial  
social  
gender 
class 
age 
ethnicity 
population 
migration 
technological change 
relative prices 
macro policy 
national econ trends 
Livelihood 
Strategies 
collection 
cultivation (food) 
cultivation (non-food) 
livestock 
non-farm natural resources 
income level 
income stability 
seasonality 
degrees of risk 
 
  
 
  
 
Institutions Shocks 
 
Non-NR based 
activities 
Environmental 
sustainability 
 
rules and customs 
land tenure 
markets in 
practice 
drought 
floods 
pests 
diseases 
civil war 
 
rural trade 
other services 
rural manufacture 
remittances 
other transfers 
soils and land quality 
water 
rangeland 
forest 
biodiversity 
  
 
   
 
Organizations  
   
 
associations 
NGOs 
local admin 
state agencies 
  
 
 
 
Source: Figure 2.1. A framework for micro policy analysis of rural livelihoods by Ellis (2000) on Pp. 30 
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<Figure 1> Conceptual Model 
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DATA, RESEARCH DESIGN AND METHODS 
 
Data 
Began in 1996, the data collection in Chitwan is a multifaceted project composed 
of several datasets. The following descriptions of the data come from Axinn et al. (2011). 
Three stratums were defined based on the distance to the most developed urban city in 
Chitwan, Narayanghat: stratum 1 is the closest to Narayanghat, stratum 3 is the furthest 
from Narayanghat, and stratum 2 is between stratum 1 and stratum 3. Two stages are 
used to sample 171 neighborhoods considering the representation of each of the five 
major ethnic groups living in the survey area: high caste Hindus, hill Tibeto-Burmese 
(such as Gurung, Tamang, and Magar), indigenous Terai Tibeto-Burmese (such as Tharu, 
Darai, and Kumal), Newar, and other caste Hindus. By using the 1991 Nepal census data 
as a sampling frame, stage 1 sampling yielded a systematic sample of 10 settlements in 
each stratum, for a total of 30 settlements. Then, stage 2 sampling units are 
neighborhoods which are defined as clusters of approximately 5 to 15 households in close 
proximity to one another. In this way, 171 neighborhoods were systematically selected 
from three stratums at the initial stage of data collection. Due to budget constraints, 
however, Household Registry dataset uses 151 neighborhoods out of those 171 
neighborhoods. 
Over time, several datasets with different topics have been collected based on the 
sampled neighborhoods, and four of them will be used for this study: 1) Household 
Registry, 2) Household Agriculture and Consumption Survey, 3) Individual 
Questionnaire and Individual Life History Calendar, and 4) Neighborhood History 
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Calendar. All the datasets are merged into two main datasets. The first main dataset is a 
dataset merging all the datasets except the Individual Life History Calendar. This dataset 
is used for the analysis testing the effects of the duration of monthly migration. The 
second main dataset is a dataset merging all the datasets. Because of the merge with the 
Individual Questionnaire, the number of cases of this dataset is smaller than the first one.  
This dataset is used for the analysis testing the duration of yearly domestic and 
international migration. To simplify the analyses using multiple dependent variables, only 
those households that participated in all three time points of the Agricultural 
Consumption Survey (1996, 2001, and 2006) are included in the final sample. As a result, 
each analysis uses a sub-sample of these two main datasets. 
The Household Registry dataset will mainly be used for monthly migration 
information and household size. This dataset was collected from February, 1997 to June, 
2007, over 126 months at the individual level. The surveyors visited sampled households 
every three month, since February 1997, to gather information about the roster of all 
household members, monthly record of living arrangements, marital status, and 
childbearing experience of each household member. In the 1996 original study, 1,582 
households and 4,646 individuals were surveyed; new households and individuals who 
moved into the 151 sampled neighborhoods between 1996 and 2008 were also included. 
All the individuals in the initial 1,582 households were followed even if they moved out 
of the survey area. For new individuals in new households, however, they were not 
followed if they later left the neighborhood.  
Despite the rich information about migration in the Household Registry, the one 
major drawback of the dataset is that it is impossible to distinguish domestic migration 
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from international migration, which is considered to be crucial in the relationship 
between migration and human activities as discussed before. To complement this 
drawback of the Household Registry, the Individual Life History Calendar will be used 
for the secondary analysis. The major differences between the Individual Life History 
Calendar and the Household Registry are; 1) the first one gathered yearly information 
about living arrangements, migration history including the name of country in the case of 
international migration, the purpose of migration, marriage, child birth, family planning, 
education, and occupation; 2) the Individual Life History Calendar was collected in 2008 
and the respondents recalled migration history and the others, so the data is retrospective; 
3) the individual survey was conducted only for those who aged between 15 and 34 at the 
time of survey, their spouses, their parents, and the respondents aged between 35 and 59. 
Since the dataset contains the yearly information, not the monthly information like 
Household Registry, the effects of migration in previous years on agricultural and energy 
transitions would be assessed in the secondary analysis.  
The Household Agriculture and Consumption Survey dataset will be mainly used 
for household capitals, agricultural activities and the modes of production. This dataset 
was collected in 1996, 2001, and 2006 at the household level. Each survey year includes 
detailed information about agricultural activities as well as the measurements of 
socioeconomic status of a household. Information about consumption, income and debt 
were added in 2001 and 2006 surveys.  
The Individual Questionnaire dataset is at the individual level, and it will be used 
for obtaining the education level of each household member. The dataset includes the 
individual life history calendar which gathers the yearly information about age, migration 
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history, marital events, children, contraceptive use, living arrangements, travel, education, 
and employment. 
The Neighborhood History Calendar dataset will be mainly used to control for 
contextual effects. Initiated in 1995 and updated in 2006, this dataset includes the history 
of the previous fifty years of neighborhood access to electricity, schools, health services, 
bus services, grain mills, agricultural cooperatives, dairies, markets, banks, employment 
opportunities, small farmers’ development programs, women’s groups, youth groups, 
temples, and police stations in each of 171 sampled neighborhoods. 
 
Research Design and Methods 
The analysis would be done in two parts: 1) the primary analysis using the first 
dataset having monthly migration history; 2) the secondary analysis using the second 
dataset having yearly migration history. As discussed, each analysis complements the 
other. The analysis will proceed directly from the hypotheses outlined above. Below, I 
describe the three sets of analyses designed to test the hypotheses. The time ordering of 
main measurements is described in <Figure 2>.  
 
The Changes in Agricultural Activities. To test the effects of migration and 
household capitals on agricultural activities, I use data exclusively from the Household 
Registry and the Household Agriculture and Consumption Survey for the primary 
analysis. For the secondary analysis, the Individual Life History Calendar and the 
Household Agriculture and Consumption Survey will be used. The method of analysis is 
the first difference model (Liker, Augustyniak, and Duncan 1985). It is the most 
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appropriate analysis technique for panel-type data when the focus of interest is assessing 
the effects of the variations in the independent variables on the variations in the 
dependent variable within a certain time frame. One of the advantages using first 
difference model is that it rules out time-independent household-level effects that were 
not measured or missed in the survey. Another advantage is that the fixed effects model is 
the same with the first difference model when there are only two time points.  
 
Equation 1: 𝑌𝑖,𝑡3 = 𝛽0 + 𝛼𝑖 + 𝛽1𝑀𝑖,𝑡3−𝑡2 + 𝛽2𝐻𝐶𝑖,𝑡2 + 𝑢𝑖,𝑡3 
  
- Equation 2: 
 
𝑌𝑖,𝑡2 = 𝛽0 + 𝛼𝑖 + 𝛽1𝑀𝑖,𝑡2−𝑡1 + 𝛽2𝐻𝐶𝑖,𝑡1 + 𝑢𝑖,𝑡2 
 
  
Equation 3: 
 
(𝑌𝑖,𝑡3 − 𝑌𝑖,𝑡2) = 𝛽1(𝑀𝑖,𝑡3−𝑡2 −𝑀𝑖,𝑡2−𝑡1) + 𝛽2(𝐻𝐶𝑖,𝑡2 − 𝐻𝐶𝑖,𝑡1)
+ (𝑢𝑖,𝑡3 − 𝑢𝑖,𝑡2) 
 
 
→ ∆𝑌𝑖,𝑡 = 𝛽1∆𝑀𝑖,𝑡 + 𝛽2∆𝐻𝐶𝑖,𝑡 + ∆𝑢𝑖,𝑡 
 
In the equations, M stands for migration, HC stands for household capitals, i 
indicates a household, t indicates survey time (t1=1996, t2=2001, t3=2006), 𝛼 stands for 
time-independent factor at the household level, 𝛽 indicates a coefficient, and u stands for 
errors. In detail, equation 1 specifies that agricultural activities in 2006 (time 3) are 
affected by the accumulated duration of migration between 2001 and 2006 and the 
household capitals in 2001 (time 2). Likewise, equation 2 specifies that agricultural 
activities in 2001 (time 2) are affected by the accumulated duration of migration between 
1996 and 2001 and the household capitals in 1996. Last, subtracting equation 2 from 
equation 1 results in equation 3, which is the first difference model. 
As you can see, the intercepts, 𝛽0, for equation 1 and 2 cancel out each other, and 
more importantly, time-independent factors at the household level, 𝛼𝑖, that are omitted in 
   
77 
 
 
the survey are cancelled out as well. Thus, we do not need to worry about household-
specific time-independent unobserved factors in the first difference model. Finally, the 
first difference model clearly shows that the changes in agricultural activities between 
2001 and 2006 are the results of the changes in migration and the changes in household 
capitals between 1996 and 2001. 
The dependent variables are the difference in the following variables between 
2001 and 2006: the size of farming land (m
2
), the size of land for rent (m
2
), the number of 
poultry (chickens, ducks, and pigeons), the amount of chemical fertilizer applied (kg).  
The size of farming land and the size of land for rent are the first two dependent 
variables measuring agricultural activities, and the units are square meters (m
2
). These 
variables were measured in all three survey years, and the differences between 2001 and 
2006 would be used as the dependent variables. They were originally measured in bigha 
and kattha, which are the units of measurement of area of a land. One bigha is equal to 
about 20 kattha, and 1 kattha is about 338.63 square meters. Based on this conversion, all 
variables are converted into square meters (m
2
). 
The increase in the size of farming land indicates agricultural intensification, and 
the opposite direction indicates agricultural de-intensification. On the other hand, the 
increase in the size of land for rent indicates agricultural de-intensification, and the 
opposite direction indicates agricultural intensification.  
Another dependent variable measuring agricultural activities is the number of 
poultry a household raises including chickens, ducks and pigeons, and thus, it is a 
continuous variable. This variable was measured in all three survey years, and the 
difference between 2001 and 2006 would be used as the dependent variable. The 
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substantial increase in the number of poultry would be considered as agricultural 
intensification, and the decrease would be considered as agricultural de-intensification. 
Last, the amount of chemical fertilizer applied is a continuous variable, and the 
unit is kilograms (kg). The increase in the amount would be considered as agricultural 
intensification while the opposite would be considered as agricultural de-intensification. 
 
The Changes in the Modes of Production and in the Main Energy Source. To 
test the effect of migration and household capitals on the changes in the modes of 
production and in the main energy source, I use data exclusively from the first dataset 
having monthly migration information for the primary analysis. For the secondary 
analysis, I use the second dataset having yearly migration information. The method of 
analysis is binary logistic regression models using discrete-time event history approach 
controlling for the variation at the neighborhood level. It is the most appropriate 
technique when 1) the dependent outcome is the dichotomous transition and not all 
observations experienced the event, and 2) when observations were measured in several 
clusters so that households from the same neighborhood tend to resemble each other.  
These techniques have been used successfully in similar analysis (Yabiku 2004; 
Axinn and Yabiku 2001; Barber, Murphy, Axinn, and Maples 2000), and it will be of 
great use in my analysis as well. These estimation techniques correctly compute the 
standard errors inherent in clustered data and thus help to avoid incorrect hypothesis tests, 
which result in wrong conclusions. In the analyses, I will incorporate a random effect for 
the neighborhood-level variance, because households are grouped by neighborhoods. 
Thus each model of the analyses is a two-level multilevel model. PROC GLIMMIX 
command with RANDOM statement allowing an intercept for each neighborhood in SAS 
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is used. In case a model with Pseudo Likelihood Residual method as an estimation 
technique fails to converge, Laplace’s method is used instead (Kiernan, Tao and Gibbs 
2012).  
To examine the changes in the modes of production, I use three dependent 
variables. The first dependent variable is the transition from farming to non-farming 
between three survey years at the household level. At each survey year, all the 
households were asked whether or not a household was farming at that time. If a 
household did farm in 1996, for example, but did not farm in 2001, this is considered as 
the transition from farming to non-farming. If a household did farm in 1996 and 2001, 
but did not farm in 2006, this is also considered as the transition. Those households that 
did not farm in 1996 are excluded from the sample. 
To integrate the case of household fission, a household that created a non-farming 
household that separated from the parental household between 1996 and 2006 is also 
considered as a household experienced the transition from farming to non-farming. Due 
to the data structure, the new household, in this case for example, is excluded from the 
sample.  
The events are the transition from farming to non-farming. The duration of the 
event is one or two since the Household Agricultural Consumption Survey was only 
conducted in three time points: 1996, 2001, and 2006. The duration is one if a household 
did farm in 1996 and stopped farming in 2001. If a household did farm in 1996 and 2001, 
but did not farm in 2006, the duration is two. In the analysis, households become at risk 
of the transition out of farming in 1996, and they are removed from the risk after they 
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stopped farming. Households that continued farming in all three time points (1996, 2001, 
and 2006) are censored. The time unit of analysis is the household-time. 
An additional consideration is the parameterization of time, which is measured 
with the time variable that indicates each year. The hazard has been parameterized with a 
continuous time variable having a value of one or two. Although event history analyses 
are typically used when there many periods of risk (many years, many months), my 
analyses examine the transition across only two periods of risk. While this means there 
will be many ties in the data (many households experiencing the event at the same time), 
this is not a violation of discrete-time event history, which is amenable to tied events. 
While a finer time resolution in the measurement of transitions, would allow for more 
accuracy, my approach is still valid for examining household variation in the transition 
from farming to non-farming, given that the household has not experienced the transition 
before. 
The second dependent variable measuring the changes in the modes of production 
is the transition to the first salary employment at the individual level. The Individual Life 
History Calendar asked if an individual was employed as a salary worker each year after 
he or she was born since 1937.  
In the analysis, individuals become at risk of the transition to the first salary 
employment in 1996, and they are removed from the risk after they were employed as a 
salary worker. The risk ends in 2008, and those individuals who were younger than 
fifteen years old in 1996 are excluded from the sample. Thus, the duration of the event is 
between one and twelve years. Individuals who were not employed with a salary job from 
1996 until 2008 are censored. And the time unit of analysis is the individual-year. 
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An additional consideration is the parameterization of time, which is measured 
with the eight dummy variables indicating the age of a respondent each year since 1996. 
The hazard has been parameterized with those eight dummy variables. This decision is 
based on the comparison between the results of the model with a continuous age variable 
and a squared term and the results of the model with eight age dummy variables in terms 
of model fitness.  
The third dependent variable measuring the changes in the modes of production is 
the transition to the first business outside the home at the individual level. The Individual 
Life History Calendar asked if an individual started a business outside the home each 
year after he or she was born since 1937.  
In the analysis, individuals become at risk of the transition to the first business 
outside the home in 1996, and they are removed from the risk after they a business. The 
risk ends in 2008, and those individuals who were younger than fifteen years old in 1996 
are excluded from the sample. Thus, the duration of the event is between one and twelve 
years. Individuals who did not start any business outside home between 1996 and 2008 
are censored. And the time unit of analysis is the individual-year. 
Time is parameterized with the seven dummy variables indicating the age of a 
respondent each year since 1996. The hazard has been parameterized with those seven 
dummy variables. This decision is based on the comparison between the results of the 
model with a continuous age variable and a squared term and the results of the model 
with seven age dummy variables in terms of model fitness.  
To examine the changes in the main source of energy at the household level, I use 
one dependent variable: the transition from traditional energy sources, such as fuel wood 
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and saw dust, to modern energy sources, such as gas, kerosene, and electricity. The 
Agricultural Consumption Survey asked which energy sources, among fuel wood, saw 
dust, biogas, gas, kerosene, electricity, and others, a household used in 1996, 2001, and 
2006.  
In the analysis, households become at risk of the transition to the use of modern 
energy sources in 2001, and they are removed from the risk after they used modern 
energy sources. The risk ends in 2006, and those households that used modern energy 
sources in 1996 are excluded from the sample. Thus, the duration of the event is between 
one and two. Households that did not use any modern energy sources in 2001 and 2006 
are censored. And the time unit of analysis is the household-time. 
Just like the analysis for the transition out of farming, the parameterization of time 
is measured with the time variable that indicates each year. The hazard has been 
parameterized with a continuous time variable having a value of one or two. 
 
Measurements of migration 
The accumulated duration of monthly migration and accumulated duration of 
yearly migration variable would be used to test the effects of migration on the changes in 
the agricultural activities, in the modes of production and in the main source of energy. 
For all the migration variables, the sum of the duration of each household member aged 
over fifteen within a certain time period is considered. Due to the structure of the datasets 
used for the analyses to test the duration of migration on agricultural and energy 
transitions, migration variables are measured within two time periods: between 1996 and 
2001 and between 2001 and 2006. In the case of monthly migration, any migration after 
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January, 2001 and January, 2006 are not counted in the analysis, and in the case of yearly 
migration, any migration in 2001 and 2006 are not counted in the analysis. Thus, for 
example, we assess how the duration of migration between 1996 and 2001 and the 
household capitals in 1996 affected the changes in the size of farming land between 1996 
and 2001.  
For the primary analysis using the first dataset having monthly migration history, 
migrations for more than 3 consecutive months are only counted. This restriction is to 
increase the chance of avoiding non-successful migrations (early return) and sporadic 
travels to other parts of Nepal. Previous studies show that early returnees are mainly due 
to the failure to adjust to the living and working conditions of the destinations (Dabir et al. 
2013). Since the dataset does not have the information about the purpose of each 
migration, this is the best way to capture relevant migration experience for this 
dissertation. 
For the secondary analysis using the second dataset having yearly migration 
history, domestic and international migrations are considered. The survey questions used 
to measure domestic and international migration are asking whether or not a respondent 
lived in any district or a country outside of Chitwan for longer than six months in each 
year. Thus, it is most likely to sort unsuccessful migration or travels out as the 
measurement of monthly migration might do.  
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Measurements of five household capitals 
Human capital 
Human capital is measured with household size and education. Household size is 
from the Household Registry data, and education is from the Individual Questionnaire. 
Household size is divided into three age groups: the number of young children under age 
15, the number of adults of working age between 15 and 65, and the number of elderly 
people over 65. In addition, to measure of the household size in 2001, the average 
household size between 1996 and 2001 is used for all the analysis. This is to avoid 
missing any household members due to a temporary leave of a household in the month a 
household took the survey. On average, there is no big difference between the household 
size in the month of the survey in 2001 and the average household size calculated. For the 
household size in 1996, the household size in the first month of the survey is used since 
the Household Registry began collecting household-level information from February in 
1997. 
The education variable measures the education level of the youngest household 
member over 15 years old and the education level of the oldest household member. Since 
the Individual Questionnaire was collected in 1996 and 2008, those individuals who got 
additional education after 1996 have different years of education in 2008. To fully reflect 
the additional years of education in the analysis, the education level in 2008 is used if it is 
used to predict the dependent variables in 2006 or any transitions between 2001 and 2006. 
When education is used to predict the dependent variables in 2001 or any transitions 
between 1996 and 2001, the education level in 1996 is used.  
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Natural capital 
Natural capital is measured with land possession and environmental perception, 
and these variables are from the Household Agriculture and Consumption Survey.  Land 
possession includes the possession of bari (upland, less productive and valued farmland) 
and khet land (irrigated low land, more productive and valued farmland). For both, it is 
coded 1 if a household owns bari or khet land, otherwise, it is 0. Environment perceptions 
are measured with the question about a respondent’s perception of water quality (much 
dirtier, little dirtier, same, little better, or much better) each year compared to the prior 
three years. The value is 0 if a household answered that the water quality was the same 
compared to three years ago. And the value is negative if a household answered that the 
water quality was little dirtier (-1) or much dirtier (-2) compared to three years ago. The 
value is positive, on the other hand, if a household answered that the water quality was 
little better (+1) or much better (+2) compared to three years ago. 
The perceptions on crop production and crop damage are not used for the analysis 
since they are only applicable for farming households and the first and the second 
datasets do include all the households regardless of farming status. 
It should be noted that environmental perception of water quality is an 
approximate, not a direct measurement of water quality for agricultural activities. 
However, besides data limitation, environmental perception is appropriate variable to be 
treated as natural capital since perception is, in many cases, based on an individual’s 
everyday observations and the information shared among people with similar interest.  
Therefore, environmental perceptions of water quality, which is used as natural capital in 
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this dissertation, would be an acceptable indicator representing the actual water quality 
surrounding a given household.  
 
Physical capital 
Physical capital is measured with agricultural equipment, consumer items, and 
housing quality, and these variables are from Household Agriculture and Consumption 
Survey. Agricultural equipment measures how many pieces of agricultural equipment, 
such as tractor, cart, irrigation pump set, gobar gas plant, or others (thresher, chaff cutter, 
sprayer, or any), a household owns. The range of the value is, therefore, between 0 and 5. 
Consumer items measures how many consumer items, such as radio, television, bicycle, 
motorbike, a household owns. The range of the value is between 0 and 5. 
An index for housing quality is also created. This index consists of the number of 
stories and the material of wall, roof, and floor. One story of a house adds one point to 
the index, so the range is from 1 to 5. For materials used to build a wall, concrete adds 6 
points, brick 5, stone 4, wood 3, mud 2 and cane with mud 1. For materials used to build 
roof and floor, concrete adds 4 point, brick 3, wood 2, and mud 1. The range of the index 
is, therefore, from 4 to 19.  
 
Financial capital 
Financial capital is measured with livestock and poultry, and these variables are 
from the Household Agriculture and Consumption Survey. Livestock is the total number 
of livestock, such as cows, bullocks, buffaloes, sheep, goats, and pigs, weighted by the 
value of each livestock based on the study by Regmi (1999). For example, cows are more 
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valuable than pigs in the context of Asian countries in general, so the number of cows is 
multiplied by .69 while the number of pigs is multiplied by .30, and the sum of those two 
numbers are used for livestock. In detail, the number of cows is multiplied by.69, 
bullocks by.96, male buffalos by .95, female buffalos by .71, sheep or goats by .25, and 
pigs by .30. Poultry as an independent variable, just like the number of poultry as a 
dependent variable, includes chickens, ducks, and pigeons, and the total number of all 
poultry is used. 
 
Social capital 
Social capital is measured with the proportion of each dependent variable in the 
same neighborhood as the focal household. For example, when the size of farming land 
and the transition out of farming are analyzed, the proportion of farming households in 
the same neighborhood is used as the social capital variable. The farming status of a 
given household is excluded from the computation of the variable. When the size of land 
for rent is analyzed, the proportion of households renting their land out in the same 
neighborhood is used as a social capital variable. For the number of poultry, the 
proportion of households raising any poultry is used, and for the amount of chemical 
fertilizer, the proportion of households using chemical fertilizer in the same 
neighborhood is used. When it comes to the transition to the first salary employment and 
the transition to the first business outside the home, the proportion of individuals who had 
a salary job and the proportion of individuals who had out of home business in each year 
are used as a social capital variable, respectively.  Any neighborhoods that have only one 
household in the sample are excluded from the sample. The major drawback of these 
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variables is that the proportions are computed only based on the households in the dataset 
used. Thus, the number of households used for the computation for each neighborhood 
might be as small as three households for some neighborhoods. 
 
Measurements of individual characteristics 
Education: this variable measures an individual’s level of education in years. The 
question asks the highest grade in school or year of college he or she has completed. It is 
a continuous variable.  
Previous education experience of mother and father: this variable measures whether or 
not an individual’s mother and father went to school, separately. The question asks if a 
mother or a father went to school by 1996, the start year of the Chitwan Valley Family 
Study project, so these variables are dichotomous.  
Previous work experience of mother and father: this variable measures whether or not an 
individual’s mother and father ever worked out of home, separately. The question asks if 
a mother or a father ever worked for pay out of home before an individual was younger 
than twelve years old, so these variables are dichotomous.
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<Figure 2> Timeline of Variables Used for the Analysis 
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ANALYSIS RESULTS 
 
Descriptive Statistics 
In the first step of the analysis, the characteristics of the individuals, households, 
and neighborhoods are summarized in <Table 2>, <Table 3>, <Table 4>, and <Table 5>. 
Due to the complexity of the datasets used in this dissertation, I chose two datasets to 
present descriptive statistics: one at the household level and the other at the individual 
level. Both datasets properly represent all the datasets used for the following analyses 
which are the subsample of these two datasets. Since migration is hypothesized to have a 
positive or negative association with agricultural and energy transitions, descriptive 
statistics are summarized by migration status except for the case of the variables 
measured at the neighborhood level. The reason is that those neighborhood-level 
variables, all social capital variables, have the same values for the households or 
individuals in the same neighborhood, and neighborhoods cannot be divided by migration 
experience at the household level. Migration status is dichotomous, and if a household or 
an individual has any migration experience in each time period, it is considered to be a 
household with at least one migrant or a migrant. 
The descriptive statistics show a few notable differences between the households 
with migrants and the households without migrants. First, <Table 2> and <Table 3> 
summarize the characteristics of the households in Chitwan, Nepal, by migration status. 
The results are based on the primary dataset mainly using the Household Registry. Those 
households that had at least one migrant in the first period between 1996 and 2001 tend to 
have less household members of young age, but more household members of working 
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age. In addition, they are likely to have a young household member with a higher level of 
education, better quality land (khet), and raise more poultry, compared to non-migration 
households. These patterns are the same in the second period, between 2001 and 2006. In 
addition, the average duration of migration among the households with migrants is about 
three years (35-39 months) within both time periods, and it is about three months higher 
in the second time period.  
The characteristics of the individuals in the Chitwan Valley by migration status is 
summarized in <Table 4>. The results are based on the second dataset mainly using the 
Life History Calendar. This is mainly for the analysis of the changes in the modes of 
production, especially for the analyses of the transitions to the first salary and outside 
home business at the individual level. Those individuals that had any migration 
experience tend to be male, older, and more educated than those individuals without any 
migration experience. In addition, they are likely to have fathers that are more educated 
and had working experience in the non-farm sector before their child was twelve years 
old.  
Last, the characteristics of the neighborhoods in Chitwan, Nepal is summarized in 
<Table 5> by mainly using the Neighborhood History Calendar merged with the 
Household Registry. Within both time periods, the neighborhoods tend to consist of the 
households whose main modes of production are farming and that are not likely to rent 
their land out. On average, more than half of the households in the same neighborhood 
raise poultry, and about seventy percent of the households use chemical fertilizer. And 
about one third uses modern energy sources, such as gas, kerosene, or electricity. If we 
compare two time periods, the numbers show a hint of agricultural and energy transitions 
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at the neighborhood level despite the fact that the majority still participates in farming: 
more households renting their land out and using modern energy sources, and less 
households raising poultry. One exception is the case of a proportion of households using 
chemical fertilizer: lower proportion of households uses chemical fertilizer over time. 
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<Table 2> Descriptive Statistics of the Variables at the Household Level in the Period between1996 and 2001 
 
 Households without migrants Households with migrants 
 N Mean Std. Min. Max. N Mean Std. Min. Max. 
Migration (month)           
Any migration btw 1996 & 2001 408 0.0 0.0 0.0 0.0 946 35.1 27.6 3.0 178.0 
           
Household Capitals           
Human capital           
Number of young 408 2.3 1.5 0.0 11.0 946 2.0 1.6 0.0 12.0 
Number of working 408 2.4 1.3 1.0 15.0 946 3.0 1.6 0.0 12.0 
Number of old 408 0.2 0.5 0.0 3.0 946 0.3 0.6 0.0 3.0 
Edu of the youngest 402 2.3 3.7 0.0 14.0 925 3.4 4.2 0.0 16.0 
Edu of the oldest 402 3.4 4.3 0.0 14.0 925 3.4 4.4 0.0 16.0 
Natural capital           
Own bari 408 0.5 0.5 0.0 1.0 946 0.5 0.5 0.0 1.0 
Own khet 408 0.5 0.5 0.0 1.0 946 0.6 0.5 0.0 1.0 
Water quality 402 -0.2 0.7 -2.0 2.0 931 -0.2 0.7 -2.0 2.0 
Physical capital           
Consumer items 408 1.2 1.0 0.0 4.0 946 1.3 1.0 0.0 4.0 
Agro equipment 408 0.2 0.5 0.0 4.0 946 0.3 0.7 0.0 4.0 
Housing quality 408 9.1 1.8 2.0 14.0 946 9.1 1.7 2.0 13.0 
Financial capital           
Livestock 408 1.8 1.9 0.0 17.9 946 2.3 2.0 0.0 12.4 
Poultry 408 18.1 105.8 0.0 1400.0 946 21.4 128.1 0.0 2210.0 
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<Table 3> Descriptive Statistics of the Variables at the Household Level in the Period between 2001 and 2006 
 
 Households without migrants Households with migrants 
 N Mean Std. Min. Max. N Mean Std. Min. Max. 
Migration (month)           
Any migration btw 2001 & 2006 648 0.0 0.0 0.0 0.0 706 38.7 27.3 3.0 154.0 
           
Household Capitals           
Human capital           
Number of young 648 2.2 1.5 0.0 9.6 706 1.9 1.4 0.0 11.1 
Number of working 648 2.6 1.2 0.1 16.0 706 3.2 1.5 0.3 12.0 
Number of old 648 0.3 0.5 0.0 2.6 706 0.4 0.6 0.0 2.2 
Edu of the youngest 648 3.3 4.2 0.0 16.0 706 6.1 4.7 0.0 16.0 
Edu of the oldest 648 3.4 4.4 0.0 16.0 706 3.6 4.5 0.0 16.0 
Natural capital           
Own bari 648 0.4 0.5 0.0 1.0 706 0.5 0.5 0.0 1.0 
Own khet 648 0.5 0.5 0.0 1.0 706 0.7 0.5 0.0 1.0 
Water quality 645 -0.1 0.7 -2.0 2.0 705 -0.1 0.7 -2.0 2.0 
Physical capital           
Consumer items 648 1.6 1.1 0.0 4.0 706 1.9 1.1 0.0 4.0 
Agro equipment 648 0.3 0.6 0.0 3.0 706 0.4 0.7 0.0 4.0 
Housing quality 648 9.6 4.4 3.0 18.0 706 9.9 4.1 2.0 18.0 
Financial capital           
Livestock 648 1.7 1.8 0.0 11.8 706 2.4 1.9 0.0 13.3 
Poultry 648 15.0 136.8 0.0 3000.0 706 25.3 184.1 0.0 2540.0 
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<Table 4> Descriptive Statistics of the Variables at the Individual Level 
 
 Individuals without migration experience Individuals with migration experience 
 
N Mean Std. Min. Max. N Mean Std. Min. Max. 
Female 896 0.67 0.47 0.00 1.00 981 0.44 0.50 0.00 1.00 
Age (in 1996) 896 31.79 9.49 16.00 58.00 981 34.01 10.73 16.00 66.00 
Education (in 1996) 896 3.30 4.04 0.00 14.00 981 4.26 4.38 0.00 16.00 
Mother ever school 896 0.03 0.18 0.00 1.00 981 0.04 0.21 0.00 1.00 
Father ever school 896 0.23 0.42 0.00 1.00 981 0.28 0.45 0.00 1.00 
Mother worked before 896 0.21 0.41 0.00 1.00 981 0.20 0.40 0.00 1.00 
Father worked before 896 0.38 0.48 0.00 1.00 981 0.44 0.50 0.00 1.00 
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<Table 5> Descriptive Statistics of the Variables at the Neighborhood Level 
 
 N Mean Std. Min. Max. 
Social capital in 1996      
# of households in the same neighborhood 151 10.55 3.76 2.00 19.00 
% of households farming 151 0.86 0.22 0.00 1.00 
% of households renting land out 151 0.14 0.15 0.00 1.00 
% of households raising poultry 151 0.55 0.32 0.00 1.00 
% of households using chemical fertilizer 151 0.71 0.25 0.00 1.00 
% of households using modern energy sources 151 0.30 0.29 0.00 1.00 
% of individuals having a salary job 143 0.11 0.13 0.00 0.75 
% of individuals having out of home business 143 0.03 0.08 0.00 0.50 
      
Social capital in 2001      
# of households in the same neighborhood 151 10.55 3.76 2.00 19.00 
% of households farming 151 0.86 0.22 0.00 1.00 
% of households renting land out 151 0.16 0.15 0.00 1.00 
% of households raising poultry 151 0.43 0.27 0.00 1.00 
% of households using chemical fertilizer 151 0.68 0.24 0.00 1.00 
% of households using modern energy sources 151 0.32 0.27 0.00 1.00 
% of individuals having a salary job 143 0.15 0.14 0.00 0.75 
% of individuals having out of home business 143 0.03 0.08 0.00 0.50 
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<Table 6> Descriptive Statistics of the Dependent Variables of Agricultural Activities in 2001 and 2006 
 
 Households without migrants Households with migrants 
 N Mean Std. Min. Max. N Mean Std. Min. Max. 
Dependent Variables (2001)           
Size of farming land (m
2
) 408 5411.4 6346.5 0.0 42328.8 946 7796.5 7687.7 0.0 47408.2 
Size of land for rent (m
2
) 407 551.6 2157.0 0.0 27090.4 943 1025.3 3724.8 0.0 47408.2 
Amount of chemical fertilizer (kg) 408 39.4 77.0 0.0 750.0 944 61.5 129.7 0.0 2000.0 
Number of poultry 408 26.7 179.1 0.0 2000.0 946 17.7 155.9 0.0 3000.0 
           
Dependent Variables (2006)           
Size of farming land (m
2
) 648 5315.4 5507.4 0.0 40635.6 706 6873.4 6738.3 0.0 49270.7 
Size of land for rent (m
2
) 648 962.4 3154.0 0.0 27090.4 706 1287.5 3949.3 0.0 47408.2 
Amount of chemical fertilizer (kg) 557 53.7 73.0 0.0 450.0 655 78.8 161.4 0.0 2050.0 
Number of poultry 648 25.8 246.2 0.0 4000.0 706 11.4 108.0 0.0 2000.0 
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Changes in Agricultural Activities 
Size of Farming Land. The first analysis is to test the effects of migration and 
household capitals on the changes in the size of farming land. This is a household-level 
analysis. As discussed, the most appropriate model for this analysis is the first difference 
model. In this model, the changes in the size of farming land between 2001 and 2006 are 
the results of the changes in migration and the changes in household capitals between 
1996 and 2001. In case a household does not do farming, the size of farming land is 
considered to be zero square meters. As a result, all the households regardless of farming 
status are included in the sample. The first difference model examines the changes in a 
dependent variable, so this is the most appropriate way to capture those households that 
transitioned out of farming between 2001 and 2006 or vice versa. 
The descriptive statistics of the size of farming land by migration status is 
presented in <Table 6>. In both years, 2001 and 2006, the size of farming land is smaller 
for the households without migrants compared to the households with at least one 
migrant. The difference is about 2,400 square meters in 2001, and it is about 1,500 square 
meters in 2006.  
The results of the first different model are summarized in <Table 7A>. Two 
models test the main effects of the changes in migration and household capitals on the 
changes in the size of farming land. Model 1 includes only migration, and household 
capitals are added in Model 2. The result of Model 1 shows that duration of migration 
does have positive impact on the size of farming land. One additional month in the 
duration of previous migration is associated with 20.51 square meters increase in the size 
of farming land. When household capitals are controlled in Model 2, migration is still 
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significant at the .05 level of significance. Model 2 also shows that human, natural, and 
physical capitals play significant roles in the changes in the size of farming land. In terms 
of human capital, additional labor in a house increases the size of farming land. One 
additional household member in young and working age increases the size of farming 
land by 284.5 and 534.0 square meters, respectively. Considering that productivity of a 
person for farming would be peaked of working age, the results meet the expectations. 
On the other hand, one additional year in education for the youngest household member 
decreases the size of farming land by 59.3 square meters. This result also meets the 
expectation since it is likely that highly educated young generations tend to find their 
future opportunities in the non-farm sector as a society urbanizes. Natural capital has 
significant impacts as well. Possessing bari (upland) or khet land (low irrigated land) 
decreases the size of farming land by 593.4 and 822.3 square meters, respectively. These 
results imply that land possession is more likely to sustain and stabilize their livelihood 
and lead them to seek non-farming opportunities rather than to expand their agricultural 
activities. Additional consumer item, which is a physical capital, also decrease the size of 
farming land. Having more consumer items might be one of the potential indicators that a 
household is going through ideational changes and moving out of farming. Thus, the 
negative impact of consumer items meets the expectation. Last, housing quality affects 
the size of farming land in the same direction: one unit increase in household quality is 
associated with 151.7 square meters decrease in the size of farming land. This result 
could mean that those households having a good quality house spent their accumulated 
resources in housing already, so they do not need to expand farming anymore but to 
sustain and stabilize their current livelihood.  
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The interaction effects are summarized in <Table 7B>. Model 3 tests the 
interactions between migration and human capital, Model 4 tests the interactions between 
migration and natural capital, Model 5 tests the interactions between migration and 
physical capital, Model 6 tests the interactions between migration and financial capital, 
and Model 7 tests the interactions between migration and social capital. The interaction 
results show significant interaction effects between migration and household capitals 
except social capital. 
The interaction between migration and human capital, especially the number of 
household members in young and working ages, and the education level of the youngest 
household member, has significant impacts on the size of farming land. The interactions 
between duration of migration and number of household members in young and working 
ages are visualized in <Figure 3> and <Figure 4>. The results show that available extra 
labor plays a significant role in repressing the negative effect of migration on the changes 
in the size of farming land. For example, when there was one additional household 
member of young age between 1996 and 2001, a household reduces the size of farming 
land less compared to a household who lost one young household member in the same 
period. In other words, as the labor in a household increases, the negative effect of 
migration reduces. The interaction between migration and number of household member 
of working age shows essentially the same pattern. In sum, these results indicate that a 
household rich in human capital would have more options to keep farming even at a 
lesser degree despite the loss of labor due to migration, but a household poor in human 
capital would not have such an option and be more likely to stay away from farming as 
the duration of migration increases.  
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The interaction between migration and education is also visualized in <Figure 5>. 
It shows that there is a gap in the size of farming land between a household with a young 
member who received more education and a household with a young member who did 
not receive any more education in the same period in the case of no migration experience. 
However, the gap reduces significantly as the duration of migration increases. This 
implies that education for a young household member plays a role in keeping a household 
away from farming, but migration represses the influence of education when the duration 
increases.  
Second, the interaction between migration and natural capital, especially the 
possession of bari or khet land, has a significant impact on the size of farming land. 
These results are visualized in <Figure 6> and <Figure 7>. They show that migration is 
negatively associated with the size of farming land when a household changed to own 
any type of land. This result is somewhat the opposite of my expectation. Having own 
land could indicate that a household does not need to farm as a tenant anymore, and as a 
result, they reduce the size of farming land, use their land for subsistence, and seek better 
income-generating opportunities in the non-farm sectors.   
Third, the interaction between migration and physical capital, especially 
agricultural equipment, has significant impact on the size of farming land. The result is 
visualized in <Figure 8>. When a household owned the same number of agricultural 
equipment over time, migration shows positive nor negative effect on the size of farming 
land. However, when a household owned less pieces of agricultural equipment, for 
example, two less pieces of agricultural equipment, they farm less as the duration of 
migration increases. On the other hand, when a household owned more pieces of 
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agricultural equipment, for example, two more pieces of agricultural equipment, they 
farm more as the duration of migration increases. These results tell us that a household 
investing more in agricultural assets would probably want to keep farming while a 
household investing less in them would seek other opportunities besides farming over 
time.  
Last, the interaction between migration and financial capital, especially livestock, 
has significant impact on the size of farming land. These results are visualized in <Figure 
9>. The pattern is almost the same with the one of the interaction between migration and 
agricultural equipment: there is negative association between migration and the size of 
farming land when a household owns less valuable livestock, and positive association 
when a household owns more valuable livestock. The result shows that how much a 
household invests in agricultural assets, here in livestock, decides the future investment 
of their resources in agricultural activities.  
In sum, analysis results support hypotheses HA1, HA3a, HA6-2, HA6-4, HA6-7, 
and HA6-8. In detail, the result of the level of education supports the hypothesis HA1 
stating the negative effect of human capital on the changes in agricultural activities. The 
result of consumer items supports the hypothesis HA3a stating the negative effect of 
physical capital on the changes in agricultural activities. The result of the interaction 
between migration and education supports the hypothesis HA6-2 stating the negative 
association between migration and agricultural activities in case there is a highly 
educated person in a household. The result of the interaction between migration and khet 
land supports the hypothesis HA6-4 stating the positive association between migration 
and agricultural activities in case a household acquires khet land. The results of the 
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interaction between migration and agricultural equipment support the hypothesis HA6-7 
stating the positive association between migration and agricultural activities in case a 
household possess many agricultural equipment. Last, the results of the interaction 
between migration and livestock support the hypothesis HA6-8 stating the positive 
association between migration and agricultural activities in case a household raises many 
valuable livestock. 
As the last step of the analysis on the size of farming land, additional analysis was 
done to test the effects of domestic and international migration on the size of farming 
land by using the secondary dataset including the information from the Life History 
Calendar. Though most results of household capitals are consistent with the previous 
results discussed, both domestic and international migration show no significant effects 
on the size of farming land.   
 
Size of Land for Rent. The second analysis is to test the effects of migration and 
household capitals on the changes in the size of land for rent. This is a household-level 
analysis. The most appropriate model for this analysis is the first difference model. In this 
model, the changes in the size of land for rent between 2001 and 2006 are the results of 
the changes in migration and the changes in household capitals between 1996 and 2001. 
In case a household does not rent land out, the size of land for rent is considered to be 
zero square meters. As a result, all the households that did not rent their land out in 2001 
or 2006 are included in the sample.  
The descriptive statistics of the size of land for rent by migration status is 
presented in <Table 6>. In both years, 2001 and 2006, the size of land for rent is larger 
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for the households without migrants compared to the households with migrants. In 2001, 
the difference is about 470 square meters, and it reduced down to 325 square meters in 
2006.  
The results of the first different model are summarized in <Table 8A>. Two 
models test the main effects of the changes in migration and household capitals on the 
changes in the size of land for rent. Model 1 includes only migration, and household 
capitals are added in Model 2. The results in Model 1 and 2 show that duration of 
migration does not have any direct impact on the size of land for rent. Among the 
household capitals, possession of khet land (irrigated low land) and the value of livestock 
show significant effects on the size of land for rent. In detail, gaining khet land increases 
the size of land for rent by 560 square meters. This is natural in that a household has 
more land to rent out by purchasing new land. Having higher value of livestock, on the 
other hand, decreases the size of land for rent. This could be due to the fact that raising 
livestock requires a certain amount of land to keep them. It also could indicate the 
tendency of the households with additional investment in agricultural activities to 
continue what they have been doing (agriculture) rather than diversifying into non-
agricultural activities. As a result, the purchase of additional livestock keeps a household 
from renting their land out more.  
The interaction effects are summarized in <Table 8B>. Model 3 tests the 
interactions between migration and human capital, Model 4 tests the interactions between 
migration and natural capital, Model 5 tests the interactions between migration and 
physical capital, Model 6 tests the interactions between migration and financial capital, 
and Model 7 tests the interactions between migration and social capital. The interaction 
   
105 
 
 
results show significant interaction effects between migration and human and financial 
capital. 
The interaction results between migration and number of household member of 
working age are visualized in <Figure 10>. The result shows that additional labor, 
represented by the number of household members of working age, represses positive 
effect of migration on the size of land for rent. When a household gained a labor over 
time, one more member for example, migration has positive association with the size of 
land for rent. When a household lost a labor, one less member of working age for 
example, migration still has positive association with the size of land for rent, but at the 
lesser degree. The results indicate the substantial influence of labor loss in addition to 
migration for agricultural activities.  
The interaction between migration and livestock shows the same pattern, and it is 
visualize in <Figure 11>. In case a household possessed more valuable livestock than 
before, they are likely to reduce the size of land for rent as the duration of migration 
increases. On the contrary, when a household possessed less valuable livestock than 
before, they are likely to increase the size of land for rent as the duration of migration 
increases. Both results are consistent with the result in the analysis of the changes in the 
size of farming land: 1) more available labor in a household gives the household more 
options to secure their livelihood by diversifying their livelihood; 2) more investment in 
agricultural assets makes a household to keep doing so in the same types of activities as 
before.  
As the last step of the analysis on the size of land for rent, additional analysis was 
done to test the effects of domestic and international migration on the size of land for rent 
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by using the secondary dataset including the information from the Life History Calendar. 
The results indicate that both domestic and international migration show no effects on the 
size of land for rent. 
In sum, the analysis results only support the hypothesis HA6-7 stating the positive 
association between migration and agricultural activities in case a household possesses 
multiple pieces of agricultural equipment. 
As the last step of the analysis on the size of land for rent, additional analysis is 
done to test the effects of domestic and international migration on the size of land for rent 
by using the secondary dataset including the information from the Life History Calendar. 
The results indicate that both domestic and international migration show no effects on the 
size of land for rent.  
 
Number of Poultry. The third analysis is to test the effects of migration and 
household capitals on the changes in the number of poultry. This is a household-level 
analysis. The most appropriate model for this analysis is the first difference model. In this 
model, the changes in the number of poultry between 2001 and 2006 are the results of the 
changes in migration and the changes in household capitals between 1996 and 2001. In 
case a household does not raise any poultry, the number of poultry is considered to be 
zero. As a result, all the households with or without poultry are included in the sample.  
The descriptive statistics of the number of poultry by migration status is presented 
in <Table 6>. In both years, 2001 and 2006, the number of poultry is larger for the 
households without migrants compared to the households with migrants. In 2001, the 
difference is about nine poultry, and it becomes wider to fourteen poultry in 2006.  
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The results of the first different model are summarized in <Table 9A>. Two 
models test the main effects of the changes in migration and household capitals on the 
changes in the number of poultry. Model 1 includes only migration, and household 
capitals are added in Model 2. The results of Model 1 show that duration of migration 
does have negative impact on the number of poultry. This result persists after controlling 
for household capitals in Model 2. In Model 2, one additional month in duration of 
migration decreases the number of poultry by .7. This might be an indicator that 
households are using remittances from migration to stay away from farming rather than 
intensify farming. Among household capitals, only consumer items show negative 
impacts on the number of poultry. One additional consumer item is associated with a 9.5 
decrease in the number of poultry. This is as expected in that households with many 
consumer items tend to seek opportunities in the non-farming sector.  
The interaction effects are summarized in <Table 9B>. Model 3 tests the 
interactions between migration and human capital, Model 4 tests the interactions between 
migration and natural capital, Model 5 tests the interactions between migration and 
physical capital, Model 6 tests the interactions between migration and financial capital, 
and Model 7 tests the interactions between migration and social capital. The interaction 
results show significant interaction effects between migration and household capitals 
except human capital. 
The interaction between migration and khet land is visualized in <Figure 12>. It 
shows that having good quality land (khet land) makes a household reduce their 
investment in poultry. Once a household owns khet land, they are likely to decrease the 
number of poultry they raise as the duration of migration increases. The interaction 
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between migration and agricultural equipment also shows the similar pattern, and it is 
visualized in <Figure 13>. When a household owns more pieces of agricultural 
equipment over time, migration is negatively associated with the number of poultry. 
When a household owns less pieces of agricultural equipment, migration is positively 
associated with the number of poultry. The results imply that rural households in Chitwan 
tend to decide either investing more in farming or in raising poultry especially when they 
have available resources from migration, and it depends upon how much they invested in 
agricultural assets before. Considering that farming and raising poultry are both labor-
intensive agricultural activities, investing resources in one activity would not allow a 
household to invest further in the other activity. In addition, the interaction between 
migration and livestock is visualized in <Figure 14>. When a household raises less 
valuable livestock than before, migration shows a positive association with the number of 
poultry. On the other hand, when a household raises more valuable livestock, migration 
shows a negative association with the number of poultry. Again, it seems like it is a 
matter of choice between two labor-intensive activities, raising livestock or poultry, as we 
have seen in the case of the interaction between migration and livestock in the analysis on 
the size of land for rent.  
The interaction of social capital with migration also shows a significant effect, 
and it is visualized in <Figure 15>. How many households in the same neighborhood 
invest in poultry affects the number of poultry a given household raises. When there was 
a 50% decrease in the proportion of the households raising poultry in the same 
neighborhood, migration is negatively associated with the number of poultry. On the 
contrary, when there was a 50% increase in the proportion of the households raising 
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poultry in the same neighborhood, migration still has a negative effect on the number of 
poultry, but not as strong as in the previous scenario.   
In sum, the analysis results only support the hypothesis HA3a stating the negative 
effect of physical capital on the changes in agricultural activities. 
As the last step of the analysis on the number of poultry, additional analysis is 
done to test the effects of domestic and international migration on the number of poultry 
by using the secondary dataset including the information from the Life History Calendar. 
The results indicate that both domestic and international migration show no effects on the 
number of poultry.  
 
Chemical Fertilizer. The fourth analysis is to test the effects of migration and 
household capitals on the changes in the amount of chemical fertilizer. This is a 
household-level analysis. The most appropriate model for this analysis is the first 
difference model. In this model, the changes in the amount of chemical fertilizer between 
2001 and 2006 are the results of the changes in migration and the changes in household 
capitals between 1996 and 2001. In case a household does not farm, the amount of 
chemical fertilizer is considered to be zero. As a result, all the households regardless of 
farming status are included in the sample.  
The descriptive statistics of the amount of chemical fertilizer used by migration 
status is presented in <Table 6>. In both years, 2001 and 2006, the amount of chemical 
fertilizer is smaller for the households without migrants compared to the households with 
migrants. In both years, the difference is more than 20 kilograms.  
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The results of the first different model are summarized in <Table 10A>. Two 
models test the main effects of the changes in migration and household capitals on the 
changes in the amount of chemical fertilizer used. Model 1 includes only migration, and 
household capitals are added in Model 2. The result of Model 1 shows that the duration 
of migration does not have any impact on the amount of chemical fertilizer. This result 
persists after controlling for household capitals in Model 2. Among household capitals in 
Model 2, human capital shows significant impacts on the amount of chemical fertilizer. 
In detail, one additional household member of working age is associated with a 5.5 kg 
increase in the amount of chemical fertilizer. In the analysis of the size of farming land, 
additional labor in a household was associated with more farming land. It seems like the 
analysis results of chemical fertilizer show a similar result. To generalize, there is 
additional labor in a household, so the household does farming more. Then naturally, the 
household tends to use more chemical fertilizer for the increased size of farming land. 
The education level of the youngest household member also has positive impact on the 
amount of chemical fertilizer. One additional year in the education of the youngest 
household member is associated with a 1.5 kg increase in the amount of chemical 
fertilizer. This result could reflect the fact that more educated people knows better about 
new and reliable agricultural technologies available out on the market. This pattern could 
be observed during my qualitative field work in Chitwan in 2012. One of the 
interviewees, a farmer, insisted that more rich and educated farmers were using chemical 
fertilizer and poor and uneducated farmers, like him, just did not know what to use or 
how to use chemical fertilizer to improve the productivity so that the gap between poor 
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farmers and rich farmers got wider. I think this theory could explain the results of 
education.  
The interaction effects are summarized in <Table 10B>. Model 3 tests the 
interactions between migration and human capital, Model 4 tests the interactions between 
migration and natural capital, Model 5 tests the interactions between migration and 
physical capital, Model 6 tests the interactions between migration and financial capital, 
and Model 7 tests the interactions between migration and social capital. The interaction 
results show significant interaction effects of migration with human and financial capitals. 
The interaction between migration and number of elderlies in a household is 
visualized in <Figure 16>. It shows that less labor over time increases the use of chemical 
fertilizer as the duration of migration increases while additional labor decreases the use of 
chemical fertilizer. This indicates that chemical fertilizer is likely to be used to 
compensate for the loss of labor for agricultural activities. The interaction between 
migration and number of poultry is visualized in <Figure 17>. This result is statistically 
significant at the .05 level of significance, but substantially, there is little difference by 
number of poultry as the duration increases. 
The result of the interaction between migration and proportion of households 
using chemical fertilizer in the same neighborhood is visualized in <Figure 18>. When a 
household lives in a neighborhood where there is no change or decreasing numbers of 
households using chemical fertilizer over time, migration is positively associated with the 
amount of chemical fertilizer a household uses. When a household lives in a 
neighborhood where an increasing number of households uses chemical fertilizer, on the 
other hand, migration shows no association with the amount of chemical fertilizer a 
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household uses. The results show that  migration affects more of those households in the 
neighborhood with a decreasing number of households using chemical fertilizer than the 
counterpart. In my opinion, in the setting of decreasing use of chemical fertilizer, 1) the 
setting could indicate that the general socioeconomic status of a given neighborhood is 
low, and 2) in that setting, using more chemical fertilizer, as an advantage, would 
maximize their farming productivity.  
As the last step of the analysis on the amount of chemical fertilizer, additional 
analysis was done to test the effects of domestic and international migration on the 
amount of chemical fertilizer by using the secondary dataset including the information 
from the Life History Calendar. The results indicate that both domestic and international 
migration show no effects on the amount of chemical fertilizer. 
In summary, the analysis results show significant associations between household 
capitals and agricultural activities. Further, the results show how household capitals 
moderate the association between migration and agricultural activities. Two results are 
consistent across the complex results: more available labor in a household, household 
capital, and a larger amount of prior investment in agriculture, physical and financial 
capitals, seem to play important roles for rural farming households to stay in agriculture. 
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<Table 7A> Farming Land, First Difference Model Results 
 
 Model 1 Model 2 
 Coefficient  Std. Dev. Coefficient  Std. Dev. 
Migration       
Duration (month) 20.51 ** 6.25 20.07 ** 5.65 
HH capitals       
Human capital       
Number of young    284.45 * 117.15 
Number of working    533.97 ** 121.51 
Number of old    -85.39  265.98 
Education of the youngest    -59.30 † 35.59 
Education of the oldest    -53.49  212.44 
Natural capital       
Own bari    -593.39 † 347.85 
Own khet    -822.33 * 337.04 
Water quality    -104.23  148.83 
Physical capital       
Consumer items    -582.22 ** 173.72 
Agro equipment    -41.45  347.40 
Housing quality    -151.69 ** 37.19 
Financial capital       
Livestock    155.06  144.21 
Poultry    0.75  0.79 
Social capital       
% farming HH    678.22  1091.37 
F statistic 10.76** 5.38** 
N 1,306 1,306 
Number of Neighbors 150 150 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 7B> Farming Land, Interactions, First Difference Model Results 
 
 Model 3 Model 4 Model 5 Model 6 Model 7 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Migration           
Duration (month) 
-47.61) 
(13.47) 
** 
 
-5.47) 
(7.35) 
 
-8.55) 
(13.00) 
 
-9.21) 
(7.31) 
 
15.05) 
(17.11) 
 
Interactions           
with Human capital           
Number of young 
8.86) 
(3.51) 
* 
 
        
Number of working 
10.18) 
(2.49) 
** 
 
        
Number of old 
11.61) 
(8.49) 
         
Edu of the youngest 
2.43) 
(0.87) 
** 
 
        
Edu of the oldest 
-0.71) 
(1.43) 
         
with Natural capital           
Own bari   
23.89) 
(8.74) 
** 
 
      
Own khet   
19.42) 
(8.09) 
* 
 
      
Water quality   
-0.78) 
(5.06) 
       
with Physical capital           
Consumer items     
4.02) 
(4.76) 
     
Agro equipment     
33.09) 
(8.65) 
** 
 
    
Housing quality     
0.90) 
(1.09) 
     
   
 
 
1
1
5
 
with Financial capital           
Livestock       
11.19) 
(2.98) 
** 
 
  
Poultry       
-0.01) 
(0.04) 
   
with Social capital           
% farming HH         
5.92) 
(19.55) 
 
           
Household Capitals           
Human capital           
Number of young 
11.65)  
(134.54) 
 
269.9)  
(113.43) 
 
249.10) 
 (114.71) 
 
260.28) 
 (109.59) 
 
285.14) 
 (117.36) 
 
Number of working 
200.36) 
 (143.75) 
 
512.51) 
 (121.45) 
 
537.76) 
 (121.17) 
 
470.00) 
 (114.44) 
 
534.00)  
(121.46) 
 
Number of old 
-398.38) 
 (372.82) 
 
-95.98) 
 (265.34) 
 
-116.79) 
 (263.54) 
 
-145.98) 
 (272.36) 
 
-85.92) 
 (265.79) 
 
Edu of the youngest 
-147.27) 
 (43.96) 
** 
 
-60.56)  
(35.94) 
† 
 
-80.19)  
(37.12) 
* 
 
-62.25)  
(35.67) 
† 
 
-59.62)  
(35.55) 
† 
 
Edu of the oldest 
-90.98) 
 (225.48) 
 
-63.11) 
 (207.06) 
 
-90.78) 
 (216.51) 
 
-86.34) 
 (223.15) 
 
-52.38) 
 (213.45) 
 
Natural capital           
Own bari 
-569.64) 
 (340.39) 
† 
 
-1129.79) 
 (376.34) 
** 
 
-713.81) 
 (340.27) 
* 
 
-614.73)  
(341.85) 
† 
 
-592.06) 
 (348.60) 
† 
 
Own khet 
-714.57) 
 (337.91) 
* 
 
-1216.58) 
 (370.01) 
** 
 
-806.52) 
 (346.10) 
* 
 
-814.26) 
 (343.52) 
* 
 
-819.25) 
 (340.59) 
* 
 
Water quality 
-104.64) 
 (150.49) 
 
-101.35) 
 (206.35) 
 
-129.67) 
 (148.52) 
 
-118.24) 
 (152.10) 
 
-106.13) 
 (148.74) 
 
Physical capital           
Consumer items 
-553.08) 
 (179.24) 
** 
 
-570.06) 
 (174.5) 
** 
 
-652.63) 
 (205.98) 
** 
 
-564.31) 
 (173.85) 
** 
 
-580.88) 
 (174.49) 
** 
 
Agro equipment 
-82.98) 
 (352.27) 
 
-37.39) 
 (340.34) 
 
-1079.29) 
 (428.00) 
 
-70.53) 
 (331.81) 
 
-40.85) 
 (347.04) 
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Housing quality 
-154.43) 
 (37.44) 
** 
 
-148.75) 
 (37.04) 
** 
 
-171.43) 
 (44.83) 
** 
 
-151.27) 
 (36.72) 
** 
 
-151.99)  
(37.30) 
** 
 
Financial capital           
Livestock 
127.91) 
 (145.06) 
 
130.27) 
 (144.44) 
 
81.83)  
(146.28) 
 
-151.43)  
(181.59) 
 
152.33)  
(145.14) 
 
Poultry 
0.63)  
(0.79) 
 
0.67)  
(0.79) 
 
0.22)  
(0.73) 
 
0.73)  
(1.36) 
 
0.74)  
(0.79) 
 
Social capital           
% farming HH 
913.99) 
 (1068.65) 
 
753.68) 
 (1084.58) 
 
783.50) 
 (1035.56) 
 
486.30) 
 (1105.83) 
 
580.06) 
 (1153.76) 
 
F statistic 6.64** 5.64** 6.59** 6.31** 5.07** 
N 1,306 1,306 1,306 1,306 1,306 
Number of Neighbors 150 150 150 150 150 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 8A> Land for Rent, First Difference Model Results 
 
 Model 1 Model 2 
 Coefficient  Std. Dev. Coefficient  Std. Dev. 
Migration       
Duration (month) -5.36  3.31 -4.63  3.19 
HH capitals       
Human capital       
Number of young    17.54  53.77 
Number of working    -16.88  75.63 
Number of old    215.72  172.39 
Edu of the youngest    19.23  18.49 
Edu of the oldest    62.37  75.29 
Natural capital       
Own bari    243.97  189.67 
Own khet    560.00 * 228.11 
Water quality    -126.03  86.59 
Physical capital       
Consumer items    110.16  123.19 
Agro equipment    -234.86  203.25 
Housing quality    32.00  21.07 
Financial capital       
Livestock    -161.21 † 91.01 
Poultry    0.13  0.68 
Social capital       
% HH renting land out    -632.31  669.22 
F statistic 2.62 1.80* 
N 1,303 1,303 
Number of Neighbors 150 150 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 8B> Land for Rent, Interactions, First Difference Model Results 
 
 Model 1 Model 2 Model 3 Model 4 Model 5 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Migration           
Duration (month) 
16.9) 
 (8.33) 
* 
 
-2.90) 
 (7.43) 
 
8.60) 
 (7.18) 
 
3.82) 
 (5.16) 
 
-3.09) 
 (3.95) 
 
Interactions           
with Human capital           
Number of young 
1.62) 
 (1.48) 
         
Number of working 
-4.78) 
 (1.56) 
** 
 
        
Number of old 
-1.84) 
 (4.75) 
         
Edu of the youngest 
-0.24) 
 (0.57) 
         
Edu of the oldest 
-1.53) 
 (1.12) 
         
with Natural capital           
Own bari   
-4.09) 
 (5.50) 
       
Own khet   
0.36) 
 (7.00) 
       
Water quality   
-0.92) 
 (2.59) 
       
with Physical capital           
Consumer items     
-2.91) 
 (2.61) 
     
Agro equipment     
-1.43) 
 (3.81) 
     
Housing quality     
-0.82) 
 (0.69) 
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with Financial capital           
Livestock       
-3.07) 
 (1.75) 
† 
 
  
Poultry       
-0.01) 
 (0.02) 
   
with Social capital           
% HH renting land 
out 
        
-8.99) 
 (16.61) 
 
           
Household capitals           
Human capital           
Number of young 
-5.34) 
 (63.65) 
 
18.58) 
 (53.75) 
 
21.59) 
 (53.72) 
 
24.93) 
 (53.24) 
 
19.83) 
 (54.89) 
 
Number of working 
125.38) 
 (76.51) 
 
-13.72) 
 (77.98) 
 
-26.71) 
 (76.24) 
 
2.37) 
 (75.15) 
 
-17.23) 
 (75.32) 
 
Number of old 
252.74) 
 (209.59) 
 
213.62) 
 (173.57) 
 
212.90) 
 (172.69) 
 
228.07) 
 (174.51) 
 
216.07) 
 (173.02) 
 
Edu of the youngest 
36.23) 
 (25.15) 
 
19.66) 
 (18.76) 
 
25.67) 
 (19.26) 
 
20.01) 
 (18.35) 
 
19.00) 
 (18.50) 
 
Edu of the oldest 
76.37) 
 (74.76) 
 
66.04) 
 (76.23) 
 
66.16) 
 (75.78) 
 
71.74) 
 (74.48) 
 
60.56) 
 (76.57) 
 
Natural capital           
Own bari 
234.69) 
 (186.95) 
 
334.28) 
 (199.31) 
* 
 
267.91) 
 (192.2) 
 
253.46) 
 (186.93) 
 
246.94) 
 (190.14) 
 
Own khet 
538.28) 
 (230.73) 
* 
 
544.96) 
 (210.15) 
* 
 
559.03) 
 (225.09) 
* 
 
553.85) 
 (225.76) 
* 
 
569.70) 
 (232.2) 
* 
 
Water quality 
-105.46) 
 (84.93) 
 
-98.18) 
 (104.63) 
 
-124.87) 
 (87.04) 
 
-122.71) 
 (85.87) 
 
-127.33) 
 (86.74) 
 
Physical capital           
Consumer items 
99.81) 
 (121.97) 
 
109.23) 
 (124.24) 
 
185.77) 
 (131.26) 
 
107.42) 
 (121.67) 
 
109.63) 
 (122.73) 
 
Agro equipment 
-213.78) 
 (188.68) 
 
-234.25) 
 (203.20) 
 
-181.61) 
 (250.02) 
 
-218.85) 
 (194.49) 
 
-232.18) 
 (201.4) 
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Housing quality 
26.14) 
 (20.55) 
 
32.05) 
 (20.96) 
 
48.35) 
 (24.20) 
* 
 
32.43) 
 (20.66) 
 
32.07) 
 (21.02) 
 
Financial capital           
Livestock 
-155.32) 
 (94.95) 
 
-159.48) 
 (90.51) 
† 
 
-152.84) 
 (91.34) 
† 
 
-77.35) 
 (113.86) 
 
-160.78) 
 (91.29) 
† 
 
Poultry 
0.16) 
 (0.65) 
 
0.13) 
 (0.67) 
 
0.18) 
 (0.66) 
 
0.56) 
 (1.11) 
 
0.13) 
 (0.68) 
 
Social capital           
% HH renting land 
out 
-718.07) 
 (678.67) 
 
-631.34) 
 (667.28) 
 
-670.44) 
 (669.96) 
 
-651.57) 
 (670.8) 
 
-420.49) 
 (837.49) 
 
F statistic 2.13** 1.56† 1.59† 1.96* 1.74* 
N 1,303 1,303 1,303 1,303 1,303 
Number of Neighbors 150 150 150 150 150 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 9A> Number of Poultry, First Difference Model Results 
 
 Model 1 Model 2 
 Coefficient  Std. Dev. Coefficient  Std. Dev. 
Migration       
Duration (month) -0.65 * 0.28 -0.70 * 0.31 
HH capitals       
Human capital       
Number of young    0.42  3.18 
Number of working    -2.49  3.21 
Number of old    -7.21  19.53 
Edu of the youngest    0.55  2.19 
Edu of the oldest    1.35  1.85 
Natural capital       
Own bari    -8.90  10.11 
Own khet    -9.47  8.00 
Water quality    -0.26  2.97 
Physical capital       
Consumer items    -9.45 † 5.16 
Agro equipment    14.51  19.02 
Housing quality    -0.75  1.01 
Financial capital       
Livestock    2.46  4.38 
Social capital       
% HH raising poultry    2.51  16.34 
F statistic 5.51* 1.10 
N 1,306 1,306 
Number of Neighbors 150 150 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 9B> Number of Poultry, Interactions, First Difference Model Results 
 
 Model 1 Model 2 Model 3 Model 4 Model 5 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Migration           
Duration (month) 
0.43) 
 (0.31) 
 
-0.19) 
 (0.33) 
 
0.06) 
 (0.42) 
 
-0.12) 
 (0.33) 
 
-1.64) 
 (0.72) 
* 
 
Interactions           
with Human capital           
Number of young 
0.06) 
 (0.13) 
         
Number of working 
-0.16) 
 (0.12) 
         
Number of old 
-0.51) 
 (0.34) 
         
Edu of the youngest 
0.00) 
 (0.05) 
         
Edu of the oldest 
-0.14) 
 (0.09) 
         
with Natural capital           
Own bari   
-0.14) 
 (0.41)  
      
Own khet   
-0.67) 
 (0.32) 
* 
 
      
Water quality   
-0.13) 
 (0.12)  
      
with Physical capital           
Consumer items     
-0.10) 
 (0.15)  
    
Agro equipment     
-0.87) 
 (0.50) 
† 
 
    
Housing quality     
-0.03) 
 (0.03)  
    
   
 
 
1
2
3
 
with Financial capital           
Livestock       
-0.22) 
 (0.13) 
† 
 
  
with Social capital           
% HH raising poultry         
1.92) 
 (0.90) 
* 
 
           
HH capitals           
Human capital           
Number of young 
-0.67) 
 (4.17)  
0.66) 
 (3.17)  
1.36) 
 (3.28) 
 
0.91) 
 (3.24)  
0.78) 
 (3.22)  
Number of working 
1.80) 
 (3.73)  
-1.99) 
 (3.20)  
-2.59) 
 (3.02) 
 
-1.20) 
 (3.27)  
-3.82) 
 (3.52)  
Number of old 
6.63) 
 (14.87)  
-6.90) 
 (19.53)  
-6.29) 
 (18.99) 
 
-6.05) 
 (19.67)  
-8.24) 
 (19.57)  
Edu of the youngest 
0.69) 
 (1.94)  
0.53) 
 (2.15)  
1.11) 
 (2.14) 
 
0.61) 
 (2.18)  
0.91) 
 (2.27)  
Edu of the oldest 
2.39) 
 (2.22)  
1.42) 
 (1.94)  
2.33) 
 (1.82) 
 
2.00) 
 (1.85)  
1.23) 
 (1.94)  
Natural capital           
Own bari 
-9.24) 
 (10.55)  
-5.81) 
 (13.79)  
-5.74) 
 (9.82) 
 
-8.41) 
 (10.04)  
-9.48) 
 (10.19)  
Own khet 
-9.42) 
 (8.59)  
3.91) 
 (11.69)  
-9.76) 
 (7.79) 
 
-9.55) 
 (8.22)  
-10.48) 
 (8.00)  
Water quality 
0.89) 
 (3.22)  
2.74) 
 (2.88)  
0.35) 
 (3.08) 
 
0.03) 
 (2.98)  
-0.48) 
 (2.98)  
Physical capital           
Consumer items 
-9.88) 
 (5.24) 
† 
 
-9.59) 
 (5.24) 
† 
 
-7.75) 
 (6.50) 
 
-9.77) 
 (5.20) 
† 
 
-8.41) 
 (4.97) 
† 
 
Agro equipment 
18.99) 
 (19.08)  
14.46) 
 (19.04)  
41.79) 
 (26.81) 
 
15.09) 
 (18.92)  
13.54) 
 (18.90)  
Housing quality 
-1.14) 
 (0.96)  
-0.92) 
 (0.99)  
-0.19) 
 (1.09) 
 
-0.75) 
 (1.01)  
-0.70) 
 (1.01)  
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Financial capital           
Livestock 
3.16) 
 (4.56)  
2.83) 
 (4.41)  
4.46) 
 (4.55) 
 
8.51) 
 (5.44)  
2.55) 
 (4.39)  
Social capital           
% HH raising poultry 
8.41) 
 (18.03) 
 
1.43) 
 (16.19)  
3.29) 
 (16.14) 
 
2.70) 
 (16.35)  
-42.53) 
 (24.65) 
† 
 
F statistic 0.90 0.88 0.86 0.93 1.08 
N 1,306 1,306 1,306 1,306 1,306 
Number of Neighbors 150 150 150 150 150 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 10A> Chemical Fertilizer, First Difference Model Results 
 
 Model 1 Model 2 
 Coefficient  Std. Dev. Coefficient  Std. Dev. 
Migration       
Duration (month) -0.02  0.11 -0.02  0.11 
HH capitals       
Human capital       
Number of young    2.15  1.46 
Number of working    5.53 ** 1.87 
Number of old    -5.33  4.20 
Edu of the youngest    1.47 † 0.83 
Edu of the oldest    15.31  9.34 
Natural capital       
Own bari    4.39  5.65 
Own khet    -4.89  4.25 
Water quality    -1.38  2.83 
Physical capital       
Consumer items    0.61  2.40 
Agro equipment    8.02  7.08 
Housing quality    0.10  0.67 
Financial capital       
Livestock    0.10  2.39 
Poultry    -0.02  0.02 
Social capital       
% HH using chemical fertilizer    1.81  12.58 
F statistic .04 1.81* 
N 1,175 1,175 
Number of Neighbors 146 146 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 10B> Chemical Fertilizer, Interactions, First Difference Model Results 
 
 Model 1 Model 2 Model 3 Model 4 Model 5 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Coef. ) 
(Std. Dev.) 
 
Migration           
Duration (month) 
-0.13) 
 (0.24) 
 
0.03) 
 (0.18) 
 
-0.16) 
 (0.24) 
 
-0.12) 
 (0.12) 
 
0.49) 
 (0.23) 
* 
 
Interactions           
with Human capital           
Number of young 
0.08) 
 (0.06) 
         
Number of working 
0.04) 
 (0.06) 
         
Number of old 
-0.32) 
 (0.17) 
† 
 
        
Edu of the youngest 
0.00) 
 (0.02) 
         
Edu of the oldest 
-0.01) 
 (0.02) 
         
with Natural capital           
Own bari   
0.15) 
 (0.16) 
       
Own khet   
-0.20) 
 (0.18) 
       
Water quality   
-0.01) 
 (0.07) 
       
with Physical capital           
Consumer items     
-0.05) 
 (0.09) 
     
Agro equipment     
0.07) 
 (0.16) 
     
Housing quality     
0.02) 
 (0.02) 
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with Financial capital           
Livestock       
0.02) 
 (0.05) 
   
Poultry       
0.00) 
 (0.00) 
* 
 
  
with Social capital           
% HH using chemical 
fertilizer 
        
-0.70) 
 (0.35) 
* 
 
           
Household capitals           
Human capital           
Number of young 
0.09) 
 (1.83) 
 
2.13) 
 (1.47) 
 
2.09) 
 (1.44) 
 
2.05) 
 (1.48) 
 
1.98) 
 (1.46) 
 
Number of working 
3.63) 
 (2.19) 
† 
 
5.49) 
 (1.85) 
** 
 
5.52) 
 (1.85) 
** 
 
5.28) 
 (1.89) 
** 
 
5.73) 
 (1.84) 
** 
 
Number of old 
3.12) 
 (5.50) 
 
-5.15) 
 (4.18) 
 
-5.65) 
 (4.15) 
 
-5.09) 
 (4.24) 
 
-5.02) 
 (4.19) 
 
Edu of the youngest 
1.23) 
 (1.18) 
 
1.45) 
 (0.82) 
† 
 
1.43) 
 (0.85) 
† 
 
1.47) 
 (0.83) 
† 
 
1.38) 
 (0.83) 
 
Edu of the oldest 
15.39) 
 (9.36) 
 
15.15) 
 (9.34) 
 
15.30) 
 (9.25) 
 
15.22) 
 (9.40) 
 
14.94) 
 (9.51) 
 
Natural capital           
Own bari 
4.48) 
 (5.77) 
 
0.94) 
 (6.67) 
 
3.93) 
 (5.51) 
 
4.01) 
 (5.64) 
 
4.50) 
 (5.61) 
 
Own khet 
-3.91) 
 (4.39) 
 
-0.82) 
 (5.35) 
 
-4.60) 
 (4.25) 
 
-4.49) 
 (4.31) 
 
-5.14) 
 (4.21) 
 
Water quality 
-1.40) 
 (2.82) 
 
-1.31) 
 (3.28) 
 
-1.33) 
 (2.80) 
 
-1.33) 
 (2.83) 
 
-1.34) 
 (2.83) 
 
Physical capital           
Consumer items 
0.59) 
 (2.46) 
 
0.68) 
 (2.39) 
 
2.09) 
 (3.59) 
 
0.41) 
 (2.42) 
 
0.49) 
 (2.40) 
 
Agro equipment 
9.41) 
 (7.18) 
 
8.04) 
 (7.08) 
 
5.62) 
 (7.76) 
 
7.32) 
 (6.84) 
 
8.24) 
 (7.06) 
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Housing quality 
0.07) 
 (0.67) 
 
0.03) 
 (0.68) 
 
-0.39) 
 (0.78) 
 
0.07) 
 (0.66) 
 
0.09) 
 (0.67) 
 
Financial capital           
Livestock 
0.31) 
 (2.43) 
 
0.09) 
 (2.39) 
 
-0.03) 
 (2.47) 
 
-0.51) 
 (2.78) 
 
0.55) 
 (2.42) 
 
Poultry 
-0.02) 
 (0.02) 
 
-0.01) 
 (0.02) 
 
-0.02) 
 (0.02) 
 
-0.05) 
 (0.03) 
† 
 
-0.02) 
 (0.02) 
 
Social capital           
% HH using chemical 
fertilizer 
0.72) 
 (12.49) 
 
1.89) 
 (12.5) 
 
1.49) 
 (12.62) 
 
1.94) 
 (12.39) 
 
18.13) 
 (13.35) 
 
F statistic 1.76* 1.79* 1.65* 1.95* 2.12* 
N 1,175 1,175 1,175 1,175 1,175 
Number of Neighbors 146 146 146 146 146 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Figure 3> Interaction between Migration and Number of Household Members of Young 
Age, Size of Farming Land 
 
 
Note: Only coefficients of migration, number of household members of young age, and the interaction 
between those two are used for the computation. 
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<Figure 4> Interaction between Migration and Number of Household Members of 
Working Age, Size of Farming Land 
 
 
Note: Only coefficients of migration, number of household members of working age, and the interaction 
between those two are used for the computation. 
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<Figure 5> Interaction between Migration and Education of the Youngest Household 
Member, Size of Farming Land 
 
 
Note: Only coefficients of migration, education of the youngest, and the interaction between those two are 
used for the computation. 
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<Figure 6> Interaction between Migration and Bari Land, Size of Farming Land 
 
 
Note: Only coefficients of migration, bari land, and the interaction between those two are used for the 
computation. 
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<Figure 7> Interaction between Migration and Khet Land, Size of Farming Land 
 
 
Note: Only coefficients of migration, khet land, and the interaction between those two are used for the 
computation. 
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<Figure 8> Interaction between Migration and Agricultural Equipment, Size of Farming 
Land 
 
 
Note: Only coefficients of migration, agricultural equipment, and the interaction between those two are 
used for the computation. 
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<Figure 9> Interaction between Migration and Livestock, Size of Farming Land 
 
 
Note: Only coefficients of migration, livestock, and the interaction between those two are used for the 
computation. 
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<Figure 10> Interaction between Migration and Number of Household Members of 
Working Age, Size of Land for Rent 
 
 
Note: Only coefficients of migration, number of household members of working age, and the interaction 
between those two are used for the computation. 
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<Figure 11> Interaction between Migration and Livestock, Size of Land for Rent 
 
 
Note: Only coefficients of migration, livestock, and the interaction between those two are used for the 
computation. 
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<Figure 12> Interaction between Migration and Khet Land, Number of Poultry 
 
 
Note: Only coefficients of migration, khet land, and the interaction between those two are used for the 
computation. 
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<Figure 13> Interaction between Migration and Agricultural Equipment, Number of 
Poultry 
 
 
Note: Only coefficients of migration, agricultural equipment, and the interaction between those two are 
used for the computation. 
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<Figure 14> Interaction between Migration and Livestock, Number of Poultry 
 
 
Note: Only coefficients of migration, livestock, and the interaction between those two are used for the 
computation. 
  
141 
 
<Figure 15> Interaction between Migration and Proportion of Households Raising 
Poultry in the Same Neighborhood, Number of Poultry 
 
 
Note: Only coefficients of migration, proportion of households raising poultry in the same neighborhood, 
and the interaction between those two are used for the computation. 
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<Figure 16> Interaction between Migration and Number of Old Household Members, 
Chemical Fertilizer 
 
 
Note: Only coefficients of migration, number of old household members, and the interaction between those 
two are used for the computation. 
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<Figure 17> Interaction between Migration and Poultry, Chemical Fertilizer 
 
 
Note: Only coefficients of migration, poultry, and the interaction between those two are used for the 
computation. 
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<Figure 18> Interaction between Migration and Proportion of Households Using 
Chemical Fertilizer in the Same Neighborhood, Chemical Fertilizer 
 
 
Note: Only coefficients of migration, proportion of households using chemical fertilizer in the same 
neighborhood, and the interaction between those two are used for the computation. 
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Changes in the Modes of Production 
Transition from Farming to Non-farming. The first analysis is to test the 
effects of migration and household capitals on the transition from farming to non-farming. 
This is a household-level analysis. As discussed, the most appropriate model for this 
analysis is the multilevel binary logistic model using discrete-time event history approach. 
In this model, the transition from farming to non-farming is the result of migration 
experience and household capitals a household had before the transition. Based on the 
dataset I used for this analysis, which includes all the households who took the survey in 
1996, 2001, and 2006, total 184 households out of 1,157 households experienced the 
transition out of farming between 1996 and 2006. These households include the 
households who did have a new household with the non-farming status separated from 
the parental household between the same periods. Since this analysis examines the 
transition to non-farming status at the household level, only farming households in 1996 
are included in the sample as a starting point. 
The main effects of migration and household capitals are summarized in <Table 
11A>. Model 1 includes only migration, and household capitals are added in Model 2. 
The results are presented as odds ratios, so a coefficient greater than one represents a 
positive effect that accelerates the rate of the transition, while a coefficient less than one 
represents a negative effect that delays the transition.  
The result of Model 1 shows that duration of migration does not have any impact 
on the transition out of farming. Yet, household capitals show some significant impacts 
on the transition. One additional household member of working age increases the 
likelihood of the transition by 13% (1.13 – 1.00 = .13) while one additional elderly 
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increases the likelihood by 26%. The mechanisms would be different though. More 
young members in a household would reflect a high tendency of young generations to 
find a job in the non-farming sector while more elderlies in a household indicate the lack 
of labor or the retirement from farming. On the other hand, possessing khet land 
(irrigated low land) decreases the likelihood of the transition by 39%. Also, one unit 
increase in livestock decreases the likelihood of the transition out of farming by 28%. 
These two results indicate that a household possessing a substantial amount of 
agricultural assets tends to stay in farming rather than move out of farming. Last, one unit 
increase in housing quality is associated with 8% increase in the likelihood of the 
transition. In the context of Chitwan, upgrading the housing is highly desired after a 
household has accumulated financial capital to afford it. Thus, good housing quality 
might be the result of their efforts in previous years. Accordingly, they are likely to be at 
the end of the life cycle, close to retirement, and ready to transition out of farming. 
Another scenario is that those households with good housing quality might try to invest 
their accumulated capitals in the non-farming sector as a society develops. For example, 
they want to start a new business in Narayanghat, the most developed city in the Chitwan 
valley.  
The interaction effects are summarized in <Table 11B>. Model 3 tests the 
interactions between migration and human capital, Model 4 tests the interactions between 
migration and natural capital, Model 5 tests the interactions between migration and 
physical capital, Model 6 tests the interactions between migration and financial capital, 
and Model 7 tests the interactions between migration and social capital. The interaction 
results show significant interaction effects between migration and physical capital only, 
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and this is visualized in <Figure 19>. When the housing quality of a given household is 
low, migration shows almost no association with the transition out of farming. When a 
housing quality of a household is high, on the contrary, migration shows a negative 
association with the transition out of farming. The results indicate that migration could 
give more livelihood options for those households with middle or higher socioeconomic 
status to stay in farming than it does for the households with poverty.  
In sum, the analysis results support the hypotheses HB1 and HB2. In detail, the 
results of the number of household members of working or old age and the level of 
education support the hypothesis HB1 stating that households rich in human capital are 
associated with a higher chance of the changes in the modes of production. And the result 
of khet land supports the hypothesis HB2 stating that households rich in natural capital 
are associated with a lower chance of the changes in the modes of production. 
As the last step of the analysis on the transition out of farming, additional analysis 
was done to test the effects of domestic and international migration on the transition out 
of farming by using the secondary dataset including the information from the Life 
History Calendar. The results indicate that both domestic and international migration 
show no direct effects on the transition out of farming.  
  
Transition to the First Salary Employment. The second analysis is to test the 
effects of migration, individual characteristics and household capitals on the transition to 
the first salary employment. This is an individual-level analysis. Due to the limitations in 
data structure, yearly migration information from the Life History Calendar, not monthly 
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migration information from the Household Registry, is tested. As a result, domestic and 
international migrations are used as the main variables to test migration effects.  
As discussed, the most appropriate model for this analysis is the multilevel binary 
logistic model using discrete-time event history approach. In this model, the transition to 
the first salary employment is the result of migration experience at the individual and the 
household levels, individual characteristics and household capitals a household had 
before the transition. Since this analysis is using the Life History Calendar exclusively, 
yearly domestic and international migrations will be tested in each model. And based on 
the dataset I used for this analysis, which includes all the individuals from the households 
who took the survey in 1996, 2001, and 2006, a total 149 individuals out of 1,432 
individuals who did not have experience in salary employment before 1996 experienced 
the transition to the first salary employment between 1996 and 2008.  
The main effects of migration and household capitals are summarized in <Table 
12A>. Model 1 includes domestic and international migration of a respondent and other 
household members, and Model 2 includes individual characteristics in addition to 
migration, and household capitals are added in Model 3. The results are presented as odds 
ratios, so a coefficient greater than one represents a positive effect that accelerates the 
rate of the transition, while a coefficient less than one represents a negative effect that 
delays the transition.  
The results of Model 2 and 3 show that the duration of domestic migration of an 
individual prior to the transition does have an impact on the transition to the first salary 
employment. One additional year in the duration of domestic migration is associated with 
19% decrease in the likelihood of the transition to the first salary employment. This result 
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implies that both migrations to other districts in Nepal and salary employment are 
alternate employment options in the context of Chitwan, so it is very likely that one is the 
alternative choice over the other. Further, an individual’s migration could be used for 
other household members to start a new business in Chitwan. This will be examined in 
the next analysis: the transition to the first business outside the home. 
Interestingly, household capitals show no effects on the transition to the first 
salary employment of an individual when individual characteristics are controlled. Most 
of all, it seems like education plays an important role in the decision making of getting a 
salary job. In Model 3, one additional year in the education of an individual increases the 
likelihood of the transition to the first salary employment by 11%. When his or her father 
went to a school before, an individual is 64% more likely to get a salary job than an 
individual who does not have an educated father. The education of a mother does not 
affect the transition though. This is probably due to the patriarchal nature of Nepal 
society as observed in the result of gender: a female is 90% less likely to have a salary 
job than a male. 
The interaction effects are summarized in <Table 12B>. Model 4 tests the 
interactions between migration and human capital, Model 5 tests the interactions between 
migration and natural capital, Model 6 tests the interactions between migration and 
physical capital, Model 7 tests the interactions between migration and financial capital, 
and Model 8 tests the interactions between migration and social capital. The interaction 
results show significant interaction effect between domestic migration and social capital 
only, and this result is visualized in <Figure 20>. As expected, when there are many 
individuals working in the non-farm sector in the same neighborhood, additional years of 
  
150 
 
migration supports an individual to move out of farming and get a salary job. On the 
other hand, when there are not many individuals working in the non-farm sector in the 
same neighborhood, additional years of migration is more likely to keep an individual in 
what they have been doing.  
In sum, the analysis results support the hypotheses HB1 and HB6-9. In detail, the 
result of the level of education supports the hypothesis HB1 stating that households rich 
in human capital are associated with a higher chance of the changes in the modes of 
production. And the result of the interaction between migration and the proportion of 
individuals having a salary job in the same neighborhood supports the hypothesis HB6-9 
stating that migration has a positive association with the changes in the modes of 
production in case there are many households in the same neighborhood with a person 
having a salary employment. 
 
Transition to the First Business outside the Home. The third analysis is to test 
the effects of migration, individual characteristics and household capitals on the transition 
to the first business outside the home. This is an individual-level analysis. Due to the 
limitations in data structure, yearly migration information from the Life History Calendar, 
not monthly migration information from the Household Registry, is tested. As a result, 
domestic and international migrations are used as the main variables to test migration 
effects. 
As discussed, the most appropriate model for this analysis is the multilevel binary 
logistic model using discrete-time event history approach. In this model, the transition to 
the first business outside the home is predicted by migration experience at the individual 
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and the household levels, individual characteristics and household capitals before the 
transition. Since this analysis is using the Life History Calendar exclusively, yearly 
domestic and international migrations will be tested in each model. And based on the 
dataset I used for this analysis, which includes all the individuals from the households 
who took the survey in 1996, 2001, and 2006, a total 89 individuals out of 1,804 
individuals who had not had any experience in business outside the home before 1996 
experienced the transition between 1996 and 2008. 
The main effects of migration and household capitals are summarized in <Table 
13A>. Model 1 includes domestic and international migration of a respondent and other 
household members, and Model 2 includes individual characteristics in addition to 
migration, and household capitals are added in Model 3. The results are presented as odds 
ratios, so a coefficient greater than one represents a positive effect that accelerates the 
rate of the transition, while a coefficient less than one represents a negative effect that 
delays the transition.  
Controlling for individual characteristics and household capitals, the result of 
Model 3 shows that the duration of domestic migration of other household members 
affects the transition to the first business outside the home. One additional year in the 
duration of domestic migration is associated with 22% increase in the likelihood of the 
transition. This result complements the result of migration in the analysis of the transition 
to the first salary employment. While an individual’s migration experience goes against 
an individual having a salary job, the same migration supports other household members 
to start a new business outside the home.  
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Among individual characteristics, the education level of an individual has a 
positive effect on the transition, as does the father’s previous outside the home job 
experience before the individual was twelve years old. In detail, one additional year in 
education is associated with a 10% increase in the likelihood of the transition to the first 
business outside the home. When a father had previous work experience outside the home, 
the likelihood of the transition is 33% less than an individual whose father does not have 
work experience outside the home. This result is the opposite of the expectation, and my 
speculation is that this is due to the father’s experience and knowledge in unstable 
conditions of the market in the non-farm sector in Nepal. 
Household capitals also have some impacts on the transition. In terms of natural 
capital, a one unit increase in the perception of current water quality compared to three 
years ago (better water quality) is associated with a 48% increase in the likelihood of the 
transition to the first business outside the home. This result is the opposite of the 
expectation. When it comes to physical capital, one additional consumer item is 
associated with a 33% increase in the likelihood of the transition, and a one unit increase 
in household quality (better housing) is associated with an 11% increase. The number of 
poultry is also positively associated with the transition: one additional poultry increases 
the likelihood of the transition to the first business outside the home by .05%.  
The interaction effects are summarized in <Table 13B>. Model 4 tests the 
interactions between migration and human capital, Model 5 tests the interactions between 
migration and natural capital, Model 6 tests the interactions between migration and 
physical capital, Model 7 tests the interactions between migration and financial capital, 
and Model 8 tests the interactions between migration and social capital. The interaction 
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results show significant interaction effects between international migration and human 
capital only, and this result is visualized in <Figure 21>. Having many household 
members of working age represses the migration effect. For example, when a household 
with no member of working age is compared with a household with four members in the 
same age group, the latter household is more likely than the former household to start an 
out of home business as the duration of migration increases. Again, this result supports 
the previous argument that having additional labor in a household with the support of 
migration gives more options for rural households to diversify their income sources.  
In sum, the analysis results support the hypotheses HB1, HB3a, and HB4. In 
detail, the result of the level of education support the hypothesis HB1 stating that 
households rich in human capital are associated with a higher chance of the changes in 
the modes of production. The result of consumer items supports the hypothesis HB3a 
stating that households rich in physical capital are associated with a higher chance of the 
changes in the modes of production. Last, the result of poultry supports the hypothesis 
HB4 stating that households rich in financial capital are associated with a higher chance 
of the changes in the modes of production. 
Considering all the results across the models for the changes in the modes of 
production, the analysis results show significant associations between migration and the 
modes of production. It seems that migrating and having a job in the non-farm sector is 
exclusive to each other and it is an important livelihood choice over the other. In addition, 
although household capitals do not have strong influence on the changes in the modes of 
production when individual characteristics are controlled, the results indicate that 
changing the modes of production is an important decision making process at the 
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household level. The migration of other household members has positive influence on the 
transition to outside the home business.  
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<Table 11A> Transition out of Farming at the Household Level, Multilevel Event History Model Results 
 
 Model 1 Model 2 
 Odds  t value Odds  t value 
Migration       
Duration (month) 1.00  -0.49 1.00  -1.42 
HH capitals       
Human capital       
Number of young    0.93  -1.22 
Number of working    1.13 † 1.78 
Number of old    1.26 † 1.65 
Edu of the youngest    1.08 ** 3.32 
Edu of the oldest    0.99  -0.45 
Natural capital       
Own bari    0.89  -0.62 
Own khet    0.61 ** -2.61 
Water quality    1.01  0.05 
Physical capital       
Consumer items    1.15  1.47 
Agro equipment    1.09  0.67 
Housing quality    1.08 * 2.46 
Financial capital       
Livestock    0.72 ** -5.28 
Poultry    1.00  -0.34 
Social capital       
% HH farming    1.66  0.56 
       
Time 1.02  0.13 0.76  -1.45 
Intercept 0.10 ** -16.81 0.05 ** -3.23 
Intercept at the neighborhood level 1.45  0.13 1.53  0.16 
Generalized Chi-square / DF 0.83 0.82 
N 2,168 2,168 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 11B> Transition out of Farming at the Household Level, Interactions, Multilevel Event History Model Results 
 
 Model 3 Model 4 Model5 Model 6 Model7 
 
Odds) 
(t value) 
 
Odds) 
(t value) 
 
Odds) 
(t value) 
 
Odds) 
(t value) 
 
Odds) 
(t value) 
 
Migration           
Duration (month) 
0.99) 
 (-1.72) 
† 0.99) 
 (-0.94) 
 1.01) 
 (1.44) 
 0.99) 
 (-1.16) 
 0.98) 
 (-0.84) 
 
Interactions           
with Human capital           
Number of young 
1.00) 
 (-0.21) 
 
 
 
 
 
 
 
 
 
Number of working 
1.00) 
 (0.92) 
 
 
 
 
 
 
 
 
 
Number of old 
1.00) 
 (1.06) 
 
 
 
 
 
 
 
 
 
Edu of the youngest 
1.00) 
 (-0.26) 
 
 
 
 
 
 
 
 
 
Edu of the oldest 
1.00) 
 (1.13) 
 
 
 
 
 
 
 
 
 
with Natural capital           
Own bari  
 1.00) 
 (0.28) 
 
 
 
 
 
 
 
Own khet  
 1.00) 
 (0.08) 
 
 
 
 
 
 
 
Water quality  
 1.00) 
 (-0.99) 
 
 
 
 
 
 
 
with Physical capital           
Consumer items  
 
 
 1.00) 
 (0.94) 
 
 
 
 
 
Agro equipment  
 
 
 1.00) 
 (1.04) 
 
 
 
 
 
Housing quality  
 
 
 1.00) 
 (-2.59) 
** 
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with Financial capital           
Livestock  
 
 
 
 
 1.00) 
 (0.28) 
 
 
 
Poultry  
 
 
 
 
 1.00) 
 (0.42) 
 
 
 
with Social capital           
% HH farming  
 
 
 
 
 
 
 1.02) 
 (0.70) 
 
           
HH capitals           
Human capital           
Number of young 
0.94) 
 (-0.84) 
 0.93) 
 (-1.22) 
 0.93) 
 (-1.28) 
 0.93) 
 (-1.22) 
 0.93) 
 (-1.21) 
 
Number of working 
1.08) 
 (0.84) 
 1.13) 
 (1.78) 
† 1.11) 
 (1.52) 
 1.13) 
 (1.74) 
† 1.13) 
 (1.77) 
† 
Number of old 
1.12) 
 (0.60) 
 1.26) 
 (1.66) 
† 1.25) 
 (1.56) 
 1.26) 
 (1.66) 
† 1.26) 
 (1.63) 
 
Edu of the youngest 
1.08) 
 (2.75) 
** 1.08) 
 (3.32) 
** 1.08) 
 (3.36) 
** 1.08) 
 (3.33) 
** 1.08) 
 (3.36) 
** 
Edu of the oldest 
0.97) 
 (-1.09) 
 0.99) 
 (-0.44) 
 0.99) 
 (-0.46) 
 0.99) 
 (-0.42) 
 0.99) 
 (-0.47) 
 
Natural capital           
Own bari 
0.89) 
 (-0.62) 
 0.86) 
 (-0.67) 
 0.90) 
 (-0.57) 
 0.89) 
 (-0.62) 
 0.89) 
 (-0.61) 
 
Own khet 
0.61) 
 (-2.62) 
** 0.60) 
 (-2.17) 
* 0.60) 
 (-2.71) 
** 0.61) 
 (-2.60) 
** 0.61) 
 (-2.62) 
** 
Water quality 
1.00) 
 (0.03) 
 1.11) 
 (0.68) 
 1.00) 
 (0.03) 
 1.01) 
 (0.05) 
 1.01) 
 (0.05) 
 
Physical capital           
Consumer items 
1.16) 
 (1.54) 
 1.15) 
 (1.50) 
 1.07) 
 (0.60) 
 1.15) 
 (1.48) 
 1.15) 
 (1.48) 
 
Agro equipment 
1.08) 
 (0.54) 
 1.09) 
 (0.66) 
 0.99) 
 (-0.08) 
 1.09) 
 (0.61) 
 1.10) 
 (0.70) 
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Housing quality 
1.08) 
 (2.57) 
* 1.08) 
 (2.44) 
* 1.14) 
 (3.50) 
** 1.08) 
 (2.46) 
* 1.08) 
 (2.45) 
* 
Financial capital           
Livestock 
0.72) 
 (-5.26) 
** 0.72) 
 (-5.29) 
** 0.71) 
 (-5.31) 
** 0.71) 
 (-4.51) 
** 0.72) 
 (-5.31) 
** 
Poultry 
1.00) 
 (-0.29) 
 1.00) 
 (-0.32) 
 1.00) 
 (-0.34) 
 1.00) 
 (-0.53) 
 1.00) 
 (-0.34) 
 
Social capital           
% HH farming 
1.60) 
 (0.52) 
 1.67) 
 (0.57) 
 1.74) 
 (0.62) 
 1.65) 
 (0.56) 
 1.14) 
 (0.13) 
 
           
Time 
0.75) 
 (-1.51) 
 0.76) 
 (-1.47) 
 0.77) 
 (-1.39) 
 0.76) 
 (-1.47) 
 0.76) 
 (-1.43) 
 
Intercept 
0.06) 
 (-2.95) 
** 0.05) 
 (-3.16) 
** 0.03) 
 (-3.59) 
** 0.05) 
 (-3.18) 
** 0.07) 
 (-2.54) 
* 
Intercept at the 
neighborhood level 
0.43) 
(0.16) 
 0.43) 
(0.16) 
 0.43) 
(0.16) 
 0.43) 
(0.16) 
 0.44) 
(0.16) 
 
      
Generalized Chi-square 
/ DF 
0.83 0.82 0.84 0.82 0.82 
N 2,168 2,168 2,168 2,168 2,168 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 12A> Transition to the First Salary Employment at the Individual Level, Logistic Model Results  
  
 Model 1 Model 2 Model 3 
Variables Odds  Wald 𝜒2 Odds  Wald 𝜒2 Odds  Wald 𝜒2 
Migration          
Domestic 1.06  0.36 0.84 † 2.82 0.81 * 4.03 
International 1.02  0.00 1.00  0.00 1.00  0.00 
Domestic at HH level 0.99  0.05 1.05  0.50 1.04  0.32 
International at HH level 0.93  0.46 1.10  0.68 1.07  0.37 
Individual Characteristics          
Female    0.11 ** 91.25 0.10 ** 95.55 
Education    1.10 ** 12.33 1.11 ** 13.18 
Mother school ever    1.10  0.12 1.08  0.08 
Father school ever    1.62 * 6.08 1.64 * 6.06 
Mother worked before    0.97  0.02 0.97  0.02 
Father worked before    1.28  1.79 1.14  0.51 
HH capitals          
Human capital          
Number of young       0.96  0.52 
Number of working       1.02  0.08 
Number of old       0.94  0.14 
Natural capital          
Own bari       0.88  0.44 
Own khet       1.16  0.48 
Water quality       1.01  0.01 
Physical capital          
Consumer items       1.00  0.00 
Agro equipment       0.85  1.62 
Housing quality       0.96  2.01 
Financial capital          
Livestock       1.00  0.00 
Poultry       1.00  0.87 
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Social capital          
% Individuals having 
a salary job 
      9.22  2.57 
          
Age btw 15 and 20 7.81 ** 35.99 2.66 ** 7.38 2.46 * 5.62 
Age btw 20 and 25 6.51 ** 40.33 3.27 ** 14.94 3.05 ** 11.81 
Age btw 25 and 30 2.83 ** 11.43 2.10 * 5.60 2.06 * 5.05 
Age btw 35 and 40 0.71  0.74 0.80  0.30 0.81  0.26 
Age btw 40 and 45 0.37 * 4.13 0.44  2.70 0.44 † 2.71 
Age btw 45 and 50 0.26 * 5.63 0.29 * 4.66 0.27 * 5.16 
Age over 50 0.05 ** 7.89 0.05 ** 8.86 0.04 ** 9.54 
          
Intercept 0.01 ** 366.70 0.01 ** 165.77 0.02 ** 64.66 
-2 Log Likelihood 1468.75 1258.96 1246.70 
Person-years 15,990 15,990 15,990 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 12B> Transition to the First Salary Employment, Interactions, Logistic Model Results 
 
 Model 4 Model 5 Model 6 Model 7 Model 8 
 
Odds) 
(Wald 𝜒2) 
 
Odds) 
(Wald 𝜒2) 
 
Odds) 
(Wald 𝜒2) 
 
Odds) 
(Wald 𝜒2) 
 
Odds) 
(Wald 𝜒2) 
 
Migration           
Domestic 
0.64) 
 (1.17) 
 
0.84) 
 (0.60) 
 
0.41) 
 (5.32) 
* 
 
0.73) 
 (3.12) 
† 
 
0.71) 
 (5.55) 
* 
 
International 
1.24) 
 (0.18) 
 
0.66) 
 (0.63) 
 
0.06) 
 (0.18) 
 
1.00) 
 (0.00) 
 
1.11) 
 (0.25)  
Domestic  
at HH level 
1.05) 
 (0.44) 
 
1.05) 
 (0.47) 
 
1.03) 
 (0.17) 
 
1.04) 
 (0.33) 
 
1.05) 
 (0.50)  
International  
at HH level 
1.10) 
 (0.88) 
 
1.11) 
 (0.95) 
 
1.09) 
 (0.54) 
 
1.07) 
 (0.35) 
 
1.09) 
 (0.63)  
           
Interactions 
btw domestic migration 
          
and Human capital           
Number of young 
1.02) 
 (0.18) 
         
Number of working 
1.01) 
 (0.01) 
         
Number of old 
1.26) 
 (1.92) 
         
Edu of the respondent 
1.01) 
 (0.11) 
         
and Natural capital           
Own bari   
0.92) 
 (0.18) 
       
Own khet   
1.00) 
 (0.00) 
       
Water quality   
0.77) 
 (2.53) 
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and Physical capital           
Consumer items     
1.03) 
 (0.09) 
     
Agro equipment     
1.22) 
 (1.97) 
     
Housing quality     
1.05) 
 (2.18) 
     
and Financial capital           
Livestock       
1.04) 
 (0.45) 
   
Poultry       
1.00) 
 (0.47) 
   
and Social capital           
% Individuals having  
a salary job 
        
13.94) 
 (3.22) 
† 
 
           
Interactions 
btw intnl. migration 
          
and Human capital           
Number of young 
1.16) 
 (1.35) 
         
Number of working 
0.92) 
 (0.36) 
         
Number of old 
0.92) 
 (0.03) 
         
Edu of the respondent 
0.98) 
 (0.16) 
         
and Natural capital           
Own bari   
2.05) 
 (2.23) 
       
Own khet   
1.53) 
 (1.26) 
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Water quality   
1.03) 
 (0.02) 
       
and Physical capital           
Consumer items     
8.18) 
 (0.70) 
     
Agro equipment     
0.00) 
 (0.00) 
     
Housing quality     
0.64) 
 (2.16) 
     
and Financial capital           
Livestock       
0.98) 
 (0.01) 
   
Poultry       
1.01) 
 (0.26) 
   
and Social capital           
% Individuals having  
a salary job 
        
3.78) 
 (0.96) 
 
           
Individual 
Characteristics 
          
Female 
0.11) 
 (103.94) 
** 
 
0.10) 
 (104.56) 
** 
 
0.10) 
 (94.93) 
** 
 
0.10) 
 (95.99) 
** 
 
0.11) 
 (102.52) 
** 
 
Education 
1.10) 
 (11.83) 
** 
 
1.11) 
 (14.82) 
** 
 
1.11) 
 (12.98) 
** 
 
1.11) 
 (13.31) 
** 
 
1.11) 
 (13.75) 
** 
 
Mother school ever 
1.05) 
 (0.03)  
1.08) 
 (0.08)  
0.99) 
 (0.00)  
1.07) 
 (0.06)  
1.10) 
 (0.12)  
Father school ever 
1.66) 
 (6.94) 
** 
 
1.63) 
 (6.43) 
* 
 
1.68) 
 (6.64) 
* 
 
1.64) 
 (6.11) 
* 
 
1.64) 
 (6.50) 
* 
 
Mother worked 
before 
0.96) 
 (0.05)  
0.98) 
 (0.01)  
0.95) 
 (0.06)  
0.96) 
 (0.03)  
1.00) 
 (0.00)  
Father worked before 
1.16) 
 (0.67)  
1.14) 
 (0.53)  
1.19) 
 (0.87)  
1.15) 
 (0.58)  
1.12) 
 (0.38)  
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HH capitals           
Human capital           
Number of young 
0.94) 
 (1.08)  
0.96) 
 (0.54)  
0.96) 
 (0.41)  
0.96) 
 (0.41)  
0.96) 
 (0.54)  
Number of working 
1.03) 
 (0.24)  
1.02) 
 (0.13)  
1.01) 
 (0.06)  
1.02) 
 (0.09)  
1.02) 
 (0.16)  
Number of old 
0.92) 
 (0.26)  
0.93) 
 (0.23)  
0.97) 
 (0.04)  
0.94) 
 (0.13)  
0.95) 
 (0.13)  
Natural capital           
Own bari 
0.88) 
 (0.51)  
0.87) 
 (0.51)  
0.89) 
 (0.37)  
0.89) 
 (0.39)  
0.88) 
 (0.49)  
Own khet 
1.15) 
 (0.48)  
1.08) 
 (0.12)  
1.18) 
 (0.60)  
1.16) 
 (0.47)  
1.19) 
 (0.71)  
Water quality 
1.03) 
 (0.05)  
1.04) 
 (0.11)  
1.00) 
 (0.00)  
1.02) 
 (0.02)  
1.01) 
 (0.01)  
Physical capital           
Consumer items 
1.02) 
 (0.03)  
1.00) 
 (0.00)  
0.97) 
 (0.10)  
1.00) 
 (0.00)  
0.99) 
 (0.00)  
Agro equipment 
0.85) 
 (1.77)  
0.86) 
 (1.47)  
0.82) 
 (2.21)  
0.84) 
 (1.68)  
0.85) 
 (1.65)  
Housing quality 
0.96) 
 (1.92)  
0.96) 
 (2.25)  
0.95) 
 (2.73) † 
0.96) 
 (1.96)  
0.96) 
 (2.41)  
Financial capital           
Livestock 
1.01) 
 (0.02)  
1.00) 
 (0.00)  
1.00) 
 (0.00)  
0.99) 
 (0.03)  
1.00) 
 (0.00)  
Poultry 
1.00) 
 (0.56)  
1.00) 
 (0.50)  
1.00) 
 (0.68)  
1.00) 
 (0.88)  
1.00) 
 (0.53)  
Social capital           
% Individuals having  
a salary job 
9.50) 
 (2.92) 
† 
 
11.08) 
 (3.33) 
† 
 
9.17) 
 (2.55)  
9.60) 
 (2.67)  
5.98) 
 (1.64)  
           
Age btw 15 and 20 
2.41) 
 (5.81) 
* 
 
2.37) 
 (5.71) 
* 
 
2.44) 
 (5.51) 
* 
 
2.47) 
 (5.67) 
* 
 
2.36) 
 (5.61) 
* 
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Age btw 20 and 25 
2.97) 
 (12.28) 
** 
 
2.90) 
 (12.01) 
** 
 
3.14) 
 (12.36) 
** 
 
3.06) 
 (11.83) 
** 
 
2.93) 
 (12.04) 
** 
 
Age btw 25 and 30 
2.02) 
 (5.24) 
* 
 
1.97) 
 (5.01) 
* 
 
2.14) 
 (5.58) 
* 
 
2.07) 
 (5.11) 
* 
 
1.99) 
 (5.07) 
* 
 
Age btw 35 and 40 
0.85) 
 (0.18)  
0.78) 
 (0.40)  
0.78) 
 (0.38)  
0.82) 
 (0.24)  
0.84) 
 (0.21)  
Age btw 40 and 45 
0.49) 
 (2.51)  
0.44) 
 (3.19) 
† 
 
0.42) 
 (3.02) 
† 
 
0.45) 
 (2.66)  
0.47) 
 (2.75) 
† 
 
Age btw 45 and 50 
0.31) 
 (5.10) 
* 
 
0.30) 
 (5.43) 
* 
 
0.27) 
 (5.18) 
* 
 
0.27) 
 (5.06) 
* 
 
0.30) 
 (5.37) 
* 
 
Age over 50 
0.06) 
 (11.83) 
** 
 
0.06) 
 (11.80) 
** 
 
0.04) 
 (9.45) 
** 
 
0.04) 
 (9.47) 
** 
 
0.06) 
 (11.93) 
** 
 
           
Intercept 
0.02) 
 (67.90) 
** 
 
0.02) 
 (67.11)  
0.02) 
 (60.44) 
** 
 
0.02) 
 (64.72) 
** 
 
0.02) 
 (67.68) 
** 
 
-2 Log Likelihood 1080.62 1100.52 1230.88 1245.75 1122.41 
Person-years 15,990 15,990 15,990 15,990 15,990 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 13A> Transition to the First Business Outside the Home at the Individual Level, Logistic Model Results 
  
 Model 1 Model 2 Model 3 
Variables Odds  Wald 𝜒2 Odds  Wald 𝜒2 Odds  Wald 𝜒2 
Migration          
Domestic 0.91  0.47 0.78 † 3.32 0.84  1.48 
International 1.22 † 3.17 1.09  0.50 1.11  0.73 
Domestic at HH level 1.16 * 4.97 1.20 ** 7.26 1.22 ** 7.60 
International at HH level 1.05  0.18 1.17  1.70 1.17  1.68 
Individual Characteristics          
Female    0.51 * 6.32 0.45 ** 9.00 
Education    1.17 ** 30.40 1.10 ** 9.70 
Mother school ever    0.42  2.07 0.43  1.88 
Father school ever    1.38  1.79 1.15  0.31 
Mother worked before    1.50  2.10 1.44  1.72 
Father worked before    0.66 † 2.91 0.67 † 2.73 
HH capitals          
Human capital          
# of young       1.04  0.21 
# of working       1.06  0.61 
# of old       1.06  0.09 
Natural capital          
Own bari       1.06  0.06 
Own khet       0.87  0.31 
Water quality       1.48 * 6.23 
Physical capital          
Consumer items       1.33 * 4.66 
Agro equipment       0.89  0.51 
Housing quality       1.11 ** 6.83 
Financial capital          
Livestock       0.93  1.25 
Poultry       1.00 * 4.45 
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Social capital          
% Individuals having  
out of home business 
      11.16  2.61 
          
Age btw 15 and 20 0.80  0.09 0.72  0.18 1.05  0.00 
Age btw 20 and 25 1.23  0.29 1.10  0.05 1.45  0.79 
Age btw 25 and 30 1.25  0.42 1.17  0.20 1.28  0.49 
Age btw 35 and 40 1.19  0.26 1.32  0.65 1.26  0.42 
Age btw 40 and 45 0.50  2.56 0.65  0.98 0.62  1.18 
Age over 45 0.42 * 5.60 0.58  1.94 0.48 † 3.20 
          
Intercept 0.00 ** 425.03 0.00 ** 217.69 0.00 ** 131.62 
-2 Log Likelihood 1125.53 1056.24 1015.67 
Person-Years 21,183 21,183 21,183 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 13B> Transition to the First Business Outside the Home at the Individual Level, Interactions, Logistic Model Results 
 
 Model 4 Model 5 Model 6 Model 7 Model 8 
 
Odds) 
(Wald 𝜒2) 
 
Odds) 
(Wald 𝜒2) 
 
Odds) 
(Wald 𝜒2) 
 
Odds) 
(Wald 𝜒2) 
 
Odds) 
(Wald 𝜒2) 
 
Migration           
Domestic 
0.59) 
 (1.35) 
 0.76) 
 (0.49) 
 
0.65) 
 (0.63) 
 
0.88) 
 (0.33) 
 
0.86) 
 (1.12) 
 
International 
0.35) 
 (2.48) 
 0.55) 
 (0.67) 
 
0.62) 
 (0.72) 
 
0.93) 
 (0.12) 
 
1.10) 
 (0.62) 
 
Domestic 
at HH level 
1.23) 
 (8.17) 
** 
 
1.21) 
 (7.26) 
** 
 
1.23) 
 (8.13) 
** 
 
1.22) 
 (7.47) 
** 
 
1.22) 
 (7.56) 
** 
 
International 
at HH level 
1.18) 
 (1.87) 
 1.19) 
 (2.01) 
 
1.18) 
 (1.90) 
 
1.18) 
 (1.90) 
 
1.17) 
 (1.69) 
 
           
Interactions 
btw domestic migration 
 
 
        
and Human capital           
Number of young 
1.07) 
 (0.72) 
 
        
Number of working 
0.95) 
 (0.34) 
 
        
Number of old 
1.25) 
 (1.08) 
 
        
Edu of the respondent 
1.02) 
 (0.20) 
 
        
and Natural capital           
Own bari  
 0.67) 
 (1.61) 
       
Own khet  
 1.39) 
 (0.70) 
       
Water quality  
 0.90) 
 (0.28) 
       
and Physical capital           
  
 
 
1
6
9
 
Consumer items  
 
  
0.82) 
 (2.42) 
     
Agro equipment  
 
  
0.99) 
 (0.01) 
     
Housing quality  
 
  
1.06) 
 (1.55) 
     
and Financial capital           
Livestock  
 
    
1.03) 
 (0.21) 
   
Poultry  
 
    
0.89) 
 (0.96) 
   
and Social capital           
% Individuals having  
a salary job 
 
 
      
0.42) 
 (0.06) 
 
 
           
Interactions 
btw intnl. migration 
 
 
        
and Human capital           
Number of young 
1.08) 
 (0.57) 
 
        
Number of working 
1.13) 
 (2.76) 
† 
 
        
Number of old 
0.86) 
 (0.31) 
 
        
Edu of the respondent 
1.08) 
 (2.01) 
 
        
and Natural capital           
Own bari  
 0.85) 
 (0.50) 
       
Own khet  
 2.42) 
 (1.51) 
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Water quality  
 0.95) 
 (0.10) 
       
and Physical capital           
Consumer items  
 
  
1.18) 
 (1.10) 
     
Agro equipment  
 
  
1.03) 
 (0.06) 
     
Housing quality  
 
  
1.01) 
 (0.10) 
     
and Financial capital           
Livestock  
 
    
1.08) 
 (1.73) 
   
Poultry  
 
    
0.99) 
 (0.34) 
   
and Social capital           
% Individuals having  
a salary job 
 
 
      
1.28) 
 (0.01) 
 
 
           
Individual 
Characteristics 
 
 
        
Female 
0.43) 
 (9.67) 
** 0.45) 
 (9.10) 
** 
 
0.45) 
 (9.07) 
** 
 
0.44) 
 (9.35) 
** 
 
0.45) 
 (8.94) 
** 
 
Education 
1.09) 
 (6.90) 
** 1.10) 
 (9.82) 
** 
 
1.10) 
 (10.03) 
** 
 
1.10) 
 (9.36) 
** 
 
1.10) 
 (9.75) 
** 
 
Mother school ever 
0.45) 
 (1.73) 
 0.46) 
 (1.65) 
 
0.43) 
 (1.84) 
 
0.45) 
 (1.75) 
 
0.43) 
 (1.88) 
 
Father school ever 
1.18) 
 (0.44) 
 1.13) 
 (0.23) 
 
1.15) 
 (0.32) 
 
1.14) 
 (0.26) 
 
1.15) 
 (0.30) 
 
Mother worked 
before 
1.37) 
 (1.27) 
 1.39) 
 (1.39) 
 
1.40) 
 (1.46) 
 
1.38) 
 (1.31) 
 
1.44) 
 (1.72) 
 
Father worked before 
0.67) 
 (2.70) 
 0.69) 
 (2.42) 
 
0.66) 
 (2.83) 
† 
 
0.69) 
 (2.42) 
 
0.67) 
 (2.72) 
† 
 
           
  
 
 
1
7
1
 
HH capitals           
Human capital           
Number of young 
1.02) 
 (0.08) 
 1.04) 
 (0.23) 
 
1.04) 
 (0.21) 
 
1.04) 
 (0.30) 
 
1.04) 
 (0.21) 
 
Number of working 
1.05) 
 (0.39) 
 1.05) 
 (0.52) 
 
1.06) 
 (0.66) 
 
1.06) 
 (0.66) 
 
1.06) 
 (0.62) 
 
Number of old 
1.04) 
 (0.04) 
 1.05) 
 (0.08) 
 
1.04) 
 (0.04) 
 
1.07) 
 (0.14) 
 
1.06) 
 (0.09) 
 
Natural capital           
Own bari 
1.08) 
 (0.10) 
 1.22) 
 (0.60) 
 
1.04) 
 (0.03) 
 
1.07) 
 (0.09) 
 
1.06) 
 (0.07) 
 
Own khet 
0.84) 
 (0.48) 
 0.71) 
 (1.60) 
 
0.85) 
 (0.39) 
 
0.86) 
 (0.36) 
 
0.87) 
 (0.31) 
 
Water quality 
1.48) 
 (6.32) 
* 1.52) 
 (6.15) 
* 
 
1.48) 
 (6.21) 
 
1.48) 
 (6.33) 
* 
 
1.48) 
 (6.20) 
* 
 
Physical capital           
Consumer items 
1.36) 
 (5.30) 
* 1.32) 
 (4.33) 
* 
 
1.35) 
 (4.45) 
* 
 
1.33) 
 (4.73) 
* 
 
1.33) 
 (4.66) 
** 
 
Agro equipment 
0.89) 
 (0.55) 
 0.91) 
 (0.35) 
 
0.89) 
 (0.54) 
 
0.90) 
 (0.42) 
 
0.89) 
 (0.50) 
 
Housing quality  
1.10) 
 (6.09) 
* 1.10) 
 (6.52) 
* 
 
1.09) 
 (4.27) 
* 
 
1.11) 
 (6.64) 
** 
 
1.11) 
 (6.84) 
** 
 
Financial capital           
Livestock 
0.91) 
 (1.71) 
 0.93) 
 (1.34) 
 
0.93) 
 (1.23) 
 
0.91) 
 (1.91) 
 
0.93) 
 (1.26) 
 
Poultry 
1.00) 
 (4.96) 
* 1.00) 
 (4.64) 
* 
 
1.00) 
 (4.76) 
* 
 
1.00) 
 (4.86) 
* 
 
1.00) 
 (4.44) 
* 
 
Social capital           
% Individuals having  
a salary job 
10.40) 
 (2.42) 
 11.86) 
 (2.75) 
† 
 
11.40) 
 (2.62) 
 
9.90) 
 (2.32) 
 
11.51) 
 (2.60) 
 
           
Age btw 15 and 20 
1.08) 
 (0.01) 
 1.07) 
 (0.01) 
 
1.02) 
 (0.00) 
 
1.08) 
 (0.01) 
 
1.05) 
 (0.00) 
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Age btw 20 and 25 
1.53) 
 (1.03) 
 1.51) 
 (0.97) 
 
1.44) 
 (0.78) 
 
1.50) 
 (0.94) 
 
1.45) 
 (0.79) 
 
Age btw 25 and 30 
1.32) 
 (0.62) 
 1.32) 
 (0.61) 
 
1.26) 
 (0.42) 
 
1.32) 
 (0.61) 
 
1.28) 
 (0.49) 
 
Age btw 35 and 40 
1.28) 
 (0.47) 
 1.26) 
 (0.43) 
 
1.24) 
 (0.38) 
 
1.28) 
 (0.49) 
 
1.26) 
 (0.42) 
 
Age btw 40 and 45 
0.62) 
 (1.14) 
 0.64) 
 (0.97) 
 
0.62) 
 (1.12) 
 
0.64) 
 (0.99) 
 
0.62) 
 (1.17) 
 
Age over 45 
0.50) 
 (2.92) 
† 0.50) 
 (2.96) 
† 
 
0.48) 
 (3.21) 
† 
 
0.49) 
 (2.98) 
† 
 
0.48) 
 (3.18) 
† 
 
           
Intercept 
0.00) 
 (121.43) 
** 0.00) 
 (128.06) 
** 
 
0.00) 
 (119.74) 
** 
 
0.00) 
 (127.97) 
** 
 
0.00) 
 (131.47) 
** 
 
-2 Log Likelihood 1007.26 1008.37 1010.38 1009.76 1015.59 
Person-years 21,183 21,183 21,183 21,183 21,183 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Figure 19> Interaction between Migration and Housing Quality, Transition out of 
Farming 
 
 
Note: Only coefficients of migration, housing quality, and the interaction between those two are used for 
the computation. 
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<Figure 20> Interaction between Migration and Proportion of Individuals Having a 
Salary Job in the Same Neighborhood, Transition to the First Salary Employment 
 
 
Note: Only coefficients of migration, proportion of individuals having a salary job in the same 
neighborhood, and the interaction between those two are used for the computation. 
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<Figure 21> Interaction between International Migration and Number of Household 
Members of Working Age, Transition to the First Business Outside the Home 
 
 
Note: Only coefficients of migration, number of household members of working age, and the interaction 
between those two are used for the computation. 
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Changes in the Main Energy Source  
The analysis in this section is to test the effects of migration and household 
capitals on the transition from traditional energy sources, such as fuel wood, saw dust, 
and biomass, to modern energy sources, such as gas, kerosene, and electricity. This is a 
household-level analysis. As discussed, the most appropriate model for this analysis is the 
multilevel binary logistic model using a discrete-time event history approach. In this 
model, the transition from traditional energy sources to modern ones is the result of 
migration experience and household capitals a household had before the transition. All 
the households regardless of any status are included in the sample since every single 
household uses at least one type of energy no matter what. 
First, we look at the number of households that used each energy source in three 
survey years summarized in <Table 14>. It shows that most households used fuel wood 
as their primary energy source for cooking in all three years despite the fact that modern 
energy sources, such as electricity, became widely available in most neighborhoods in 
Chitwan since 1996. At the neighborhood level, the data shows that electricity was 
available in about a half of 171 neighborhoods in 1996 and the number increased to about 
ninety eight percent of all the neighborhoods in 2001 and 2003. As a matter of fact, the 
number of households that used electricity as one of their primary energy source 
substantially increased between 2001 and 2006, but the number was still not as large as 
the one for fuel wood. In 1996, there were only 13 households using electricity, but the 
number became 206 households in 2006. Among the modern energy sources, gas became 
popular over time and even more popular than electricity in 2006 while kerosene 
significantly lost the popularity between 1996 and 2006; only 28 households used 
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kerosene in 2006 while 371 households used it in 1996. Among the traditional energy 
sources, besides fuel wood, the trend of biogas is noticeable. In 1996, there were only 59 
households using it, but the number increased to 223 in 2006.  
These numbers, however, do not show how many households actually moved 
from the use of one energy source to another. To explore more about the actual transition 
in detail, we first look at the number of households for each transition. Adapting the 
perspective of the energy stack, I consider multiple energy sources, which is the mixture 
of traditional and modern energy sources, as one of the categories of the transition. As a 
result, there are three bi-directional energy transitions we can observe; between only 
traditional energy sources and only modern energy sources, between only traditional 
energy sources and multiple energy sources, and between only modern energy sources 
and multiple ones. <Figure 22> shows the patterns of these transitions in Chitwan, Nepal, 
between 1996 and 2001, and <Figure 23> shows the patterns between 2001 and 2006. 
Throughout the text, the term “traditional and modern energy sources” will be referred to 
as “multiple energy sources” to simplify the term.  
Within both time periods, many households in Chitwan stayed using only 
traditional energy sources for everyday use, mostly fuel wood as indicated in <Table 14>. 
And not many households transitioned from traditional energy sources to modern ones in 
spite of the availability of electricity in Chitwan as discussed before. This might indicate 
that availability does not fully account for the use of modern energy sources. In addition, 
a substantial number of households moved from only traditional energy sources to 
multiple energy sources during both time periods: 94 households in the first period and 
116 households in the second period. And a small number of households moved from 
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multiple energy sources to only modern sources: 36 household in the first time period and 
31 households in the second time period. These two patterns of energy transition implies 
that there might be a hierarchy in the use of energy sources as only traditional ones in the 
lowest place, multiple ones above that, and only modern ones on top of the hierarchy. If 
this is the case, then it might mean that the perspective of the energy stack and ladder are 
all valid but just need to be combined together.  
However, considering the hierarchy, there are a noticeable number of households 
that move back to the previous stage in both time periods: from multiple energy sources 
to only traditional ones and from modern ones to only traditional or multiple ones. This 
pattern is clear especially between multiple energy sources and only traditional ones. 
There were 141 households who moved from multiple energy sources to only traditional 
ones between 1996 and 2001, and 180 households between 2001 and 2006, while 94 and 
116 households moved to the opposite direction in each time period, respectively. Going 
back to traditional energy sources indicate that the energy stack and ladder perspectives 
might not be enough to explain energy transition in developing countries; the livelihood 
perspective should be introduced here to understand the transition better. It is still true 
that availability of and accessibility to modern energy sources as well as income level 
matter as previous research shows, but it would be better understood in the framework of 
the livelihood perspective in that the livelihoods of rural households are dependent on the 
ever-changing surrounding environmental and socioeconomic conditions and household 
capitals reflect how they responded to societal changes. Therefore, I argue that energy 
sources a household uses are not fixed or only move upwards in the hierarchy as implied 
by the perspective of energy stack and ladder. What energy sources a household uses 
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everyday constantly interacts with their livelihoods, changing household composition and 
circumstances, and surrounding conditions, like any other livelihood transition. In other 
words, rural households juggle their resources, which can be replaced with household 
capitals in the perspective of livelihood approach, to adjust to their surrounding 
conditions, and the choice of primary energy sources is dependent upon it. Therefore, I 
insist that it is also important to examine the opposite direction of the transition: from 
modern energy sources to traditional energy sources.  
Based on these considerations, I analyze two directions of energy transition in the 
next step of the analysis: 1) the transition from traditional energy sources to modern 
energy sources; 2) the transition from modern energy sources to traditional energy 
sources. Specifically, the first transition is the transition from only traditional energy 
sources to only modern energy sources or multiple energy sources. And the second 
transition is the transition from only modern energy sources or multiple energy sources to 
only traditional energy sources.  
The results of event history analysis to assess the effects of migration and 
household capitals on the transition from traditional energy sources to modern ones are 
summarized in <Table 15A>. Model 1 only includes a variable measuring the 
accumulated duration of migration in the last five years before the event, and Model 2 
includes all the household capitals in addition to migration. The results are presented as 
odds ratios, so a coefficient greater than one represents a positive effect that accelerates 
the rate of the transition, while a coefficient less than one represents a negative effect that 
delays the transition. 
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In both models, one additional month in the duration of migration increases the 
likelihood of the transition from only traditional energy sources to modern or multiple 
energy sources by 1 percent. For example, for a household that has a migrant who was 
away for ten months prior to the period of risk, the likelihood of the household to use 
modern energy sources increases by 10% compared to other households without 
migration experience.  
Not only migration, but also household capitals affect the transition as expected. 
Among five household capitals, human, physical, social capitals affect the transition.  The 
results in model 2 show that the number of household members under age 65 is 
negatively associated with the likelihood of the transition. This is probably due to the fact 
that one of the main traditional energy sources, fuel wood, is usually collected by young 
household members in most rural areas of developing countries. Chitwan is not an 
exception. One additional household member of young age, under 15, decreases the 
likelihood of the transition by 18% (1.00 - 0.82 = 0.18), and one additional household 
member of working age, between 15 and 65, decreases the likelihood by 13%. On the 
other hand, education is positively associated with the increase in the likelihood of the 
transition as expected; regardless of generation, one extra year in education increases the 
likelihood of the transition by 4%. It is very likely that education increases the chance of 
using consumer items as well as the familiarity to or necessity of them, and it naturally 
increases the chance of the transition. 
Using more consumer items and better housing quality are positively associated 
with the increase in the likelihood of the transition from traditional energy sources to 
modern energy sources. One additional consumer item, such as radio and television, 
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increases the likelihood of the transition by 64%, and one unit increase in housing quality 
increases the likelihood by 10%.  
Last, what energy sources other households use affect the decision making of a 
household on the switch of main energy source as well. One percent increase in the 
proportion of the households using modern energy sources increases the likelihood of the 
transition by 254%.  
The results of the interactions between migration and household capitals on the 
transition from traditional energy sources to modern energy sources are summarized in 
<Table 15B>.  Among the five capitals, physical and financial capitals show significant 
results. First, the interaction between migration and consumer items is visualized in 
<Figure 24>. The results tell us that when a household owns many consumer items, 
migration is positively associated with the transition from traditional energy sources to 
modern ones and significantly more than a household with fewer consumer items. Second, 
the result of interactions between migration and livestock is visualized in <Figure 25>. 
When a household owns no livestock, for example, migration is positively associated 
with the transition to modern energy sources. On the contrary, when a household owns 
more valuable livestock, migration is negatively associated with the transition. The 
results imply that having many valuable livestock could be an indicator of a household 
substantially investing in agriculture, so they tend to stay in traditional energy sources 
and invest remittances from migration for other activities instead.  
In sum, the analysis results support the hypotheses HC1a, HC1c, HC5, HC6-5, 
and HC6-7. In detail, the result of the number of household members of young age 
supports the hypothesis HC1a stating that households with many members of young age 
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are negatively associated with the transition to modern energy sources. The result of the 
level of education supports the hypothesis HC1c stating that households with a highly 
educated member are positively associated with the transition to modern energy sources. 
The result of the proportion of households using modern energy sources in the same 
neighborhood supports the hypothesis HC5 stating that households rich in social capital 
are positively associated with the transition to modern energy sources. The result of the 
interaction between migration and consumer items supports the hypothesis HC6-5 stating 
that migration is positively associated with the transition to modern energy sources in 
case a household possesses many consumer items. Last, the result of the interaction 
between migration and livestock supports the hypothesis HC6-7 stating that migration is 
negatively associated with the transition to modern energy sources in case a household 
raises many valuable livestock. 
As a next stage of the analysis, I analyze the transition from traditional energy 
sources to each modern energy source: electricity, gas, and kerosene. The main reason of 
doing this analysis can be found in <Table 14>. As discussed, the pattern of the 
popularity of each energy source over time is very different from each other. More 
households use electricity as their main energy source over time, but not as many as 
expected. Kerosene was very popular in 1996, but the number of households using it 
decreased dramatically over time. On the other hand, the number of households using gas 
increased greatly.  
The results of the multilevel event history analysis to assess the effects of 
migration and household capitals on the transition to electricity, gas, and kerosene are 
summarized in <Table 15-1A>, <Table 15-2A>, and <Table 15-3A>, respectively. Model 
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1 only includes a variable measuring accumulated duration of migration in the last five 
years before the event, and Model 2 includes all the household capitals in addition to 
migration. 
The results show that migration has a positive effect on the transition to gas and 
kerosene, but not electricity. Considering that gas and kerosene are purchasable at a 
market relatively easy, the positive relationships between migration and the use of those 
two modern energy sources seem relevant. The result of electricity suggests that it is a 
matter of more than money. In fact, even though the availability of and accessibility to 
electricity in Chitwan has reached over 95 percent since 1996, but the supply of 
electricity has never been stable. The stability issue is also related to environmental 
degradation, such as droughts and forest depletion (Setopati 2014). Besides migration, 
other results seem to stay the same in general. 
Interaction results are presented in <Table 15-1B>, <Table 15-2B> and <Table 
15-3B>.  In general, the results are consistent with previous interaction results. First, the 
effect of the interaction between migration and household size of young age on energy 
transition from traditional energy sources to electricity is visualized in <Figure 26>. 
When a household has no available labor in working age, migration is positively 
associated with the transition to electricity at a faster rate than a household with many 
members in the same age group. This result again confirms the importance of available 
household labor for the collection of traditional energy sources. The result of the 
interaction between migration and consumer items is visualized in <Figure 27>. When a 
household possesses no or one consumer item, migration does not seem to affect the 
transition from traditional energy sources to electricity. However, when a household does 
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own many consumer items, two items for example, the effect of migration reduces as the 
duration increases. 
The result of the interaction between migration and education of the oldest on 
energy transition from traditional energy sources to gas is visualized in <Figure 28>. 
With no previous migration experience, education affects the likelihood of the transition 
to gas, but as the duration of migration increases, the effect of education disappears. Last, 
the result of the interaction between migration and poultry on energy transition from 
traditional energy sources to kerosene is visualized in <Figure 29>. Again, possessing 
many poultry, a substantial investment in agriculture in other words, represses a positive 
association of migration with the transition to kerosene.  
As a next step of the analysis, <Table 16A> shows the results of event history 
analysis on the transition from modern energy sources to traditional energy sources: the 
opposite direction. Essentially, the results are consistent with the results of the transition 
from traditional energy sources to modern energy sources except for a few factors. First, 
migration does not significantly affect the transition. Second, the number of household 
members does not affect the likelihood of the transition. Third, possessing bari (upland) 
land, which is considered to be less productive than khet (low irrigated land), increases 
the likelihood of the transition back to traditional energy sources though it is marginally 
significant. In sum, this result and the result of the interaction between migration and 
livestock in <Figure 25> suggests that households that have already invested a lot of 
resources in agriculture tend to stay in the use of traditional energy sources. I speculate 
that they can acquire traditional energy resources, such as fuel wood, biomass or hay, 
relatively easier than those households without a significant possession of agricultural 
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assets, so they tend to invest their resources on other activities besides energy sources. 
The result of the interaction between migration and education of the youngest household 
member is presented in <Figure 30>. When the youngest household member in a 
household is not educated at all, migration is negatively associated with the transition 
from modern energy sources to traditional ones. On the other hand, in the opposite 
situation, migration shows a positive association with the transition. This might mean that 
migration would support a household to stay where they are a little bit longer before they 
move to the next stage of energy use.  
The last step of the analysis is to test the effects of domestic and international 
migrations on energy transition. The results show that domestic migration has a positive 
association with the transition from modern energy sources to traditional ones, and this is 
significant at the .05 level of significance. In detail, one additional year in the duration of 
domestic migration increases the likelihood of the transition by 35%. In addition, 
international migration also has a positive effect on the transition from traditional energy 
sources to gas, and this is significant at the .10 level of significance. One additional year 
in the duration of international migration increases the likelihood of the transition by 17%.  
In sum, the results reassure the importance of available labor to collect traditional energy 
sources and the financial remittance from migration on energy transition. 
In summary, the analysis results show significant associations between migration 
and the transition from traditional energy sources to modern energy sources, especially 
gas and kerosene. The results also show that available labor in a household, especially 
those of young age, tends to delay the transition to modern energy sources. In addition, 
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how much educated a household is and how much a household is accustomed to the 
western life styles have impacts on the transition.  
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<Table 14> Number of Households Using Traditional and Modern Energy Sources in 
Chitwan, Nepal 
 
 1996 2001 2006 
Traditional energy source    
wood 1,226 1,203 1,182 
biogas 59 130 223 
sawdust 46 106 163 
other 25 8 16 
Modern energy source    
electricity 13 32 206 
gas 48 188 419 
kerosene 371 307 28 
 
Note: out of total 1354 households; numbers do not sum up to the total since some households use more 
than one energy source; energy sources are used for everyday cooking. 
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<Table 15A> Energy Transition from Traditional Energy Sources to Modern Ones, Event History Model Results 
 
 Model 1 Model 2 
 Odds  t value Odds  t value 
Migration       
Duration (month) 1.01 ** 4.13 1.01 ** 3.20 
HH capitals       
Human capital       
Number of young    0.82 ** -3.92 
Number of working    0.87 * -2.16 
Number of old    0.82  -1.61 
Education of the youngest    1.04 * 2.10 
Education of the oldest    1.04 * 1.98 
Natural capital       
Own bari    1.07  0.45 
Own khet    1.29  1.51 
Water quality    0.95  -0.49 
Physical capital       
Consumer items    1.64 ** 5.57 
Agro equipment    0.96  -0.43 
Housing quality    1.10 ** 3.63 
Financial capital       
Livestock    0.97  -0.66 
Poultry    1.00  -1.19 
Social capital       
% HH using modern energy sources    3.54 ** 3.48 
       
Time 1.47 ** 2.91 0.99  -0.05 
Intercept 0.14 ** -14.19 0.04 ** -9.67 
Intercept at the neighborhood level 0.74  0.18 0.32  0.13 
Generalized Chi-square / DF 0.81 0.88 
N 1,728 1,728 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 15B> Energy Transition from Traditional Energy Sources to Modern Energy Sources, Interactions, Event History 
Model Results 
 
 Model 3 Model 4 Model 5 Model 6 Model 7 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Migration           
Duration (month) 
1.02 
(2.88) 
** 1.01 
(2.11) 
* 1.02 
(2.25) 
* 1.02 
(3.53) 
** 1.01 
(2.87) 
** 
Interactions           
with Human capital           
Number of young 
1.00 
(0.64) 
 
 
 
 
 
 
 
 
 
Number of working 
1.00 
(-0.95) 
 
 
 
 
 
 
 
 
 
Number of old 
1.00 
(-0.29) 
 
 
 
 
 
 
 
 
 
Edu of the youngest 
1.00 
(-1.42) 
 
 
 
 
 
 
 
 
 
Edu of the oldest 
1.00 
(-1.24) 
 
 
 
 
 
 
 
 
 
with Natural capital           
Own bari  
 1.00 
(-0.98) 
 
 
 
 
 
 
 
Own khet  
 1.00 
(-0.45) 
 
 
 
 
 
 
 
Water quality  
 1.00 
(-0.79) 
 
 
 
 
 
 
 
with Physical capital           
Consumer items  
 
 
 0.99 
(-2.31) 
* 
 
 
 
 
Agro equipment  
 
 
 1.00 
(0.86) 
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Housing quality  
 
 
 1.00 
(-0.23) 
 
 
 
 
 
with Financial capital           
Livestock  
 
 
 
 
 1.00 
(-2.03) 
* 
 
 
Poultry  
 
 
 
 
 1.00 
(0.37) 
 
 
 
with Social capital           
% HH using modern 
energy sources 
 
 
 
 
 
 
 
 0.99 
(-0.94) 
 
           
HH capitals           
Human capital           
Number of young 
0.79 
(-3.41) 
** 0.81 
(-3.98) 
** 0.82 
(-3.92) 
** 0.81 
(-3.97) 
** 0.82 
(-3.92) 
** 
Number of working 
0.92 
(-0.97) 
 0.87 
(-2.13) 
* 0.87 
(-2.24) 
* 0.88 
(-2) 
* 0.87 
(-2.15) 
* 
Number of old 
0.83 
(-1.08) 
 0.81 
(-1.63) 
 0.80 
(-1.76) 
† 0.82 
(-1.61) 
 0.82 
(-1.58) 
 
Edu of the youngest 
1.06 
(2.38) 
* 1.04 
(2.11) 
* 1.04 
(2.18) 
* 1.04 
(2.11) 
* 1.04 
(2.09) 
* 
Edu of the oldest 
1.06 
(2.19) 
* 1.04 
(2.02) 
* 1.04 
(1.93) 
† 1.03 
(1.87) 
† 1.04 
(1.94) 
† 
Natural capital           
Own bari 
1.07 
(0.46) 
 1.22 
(0.99) 
 1.08 
(0.47) 
 1.06 
(0.38) 
 1.07 
(0.45) 
 
Own khet 
1.28 
(1.45) 
 1.35 
(1.37) 
 1.27 
(1.43) 
 1.28 
(1.43) 
 1.29 
(1.5) 
 
Water quality 
0.97 
(-0.35) 
 1.03 
(0.22) 
 0.96 
(-0.39) 
 0.96 
(-0.46) 
 0.96 
(-0.46) 
 
Physical capital           
Consumer items 
1.63 
(5.47) 
** 1.65 
(5.61) 
** 1.95 
(5.67) 
** 1.63 
(5.49) 
** 1.64 
(5.57) 
** 
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Agro equipment 
0.99 
(-0.08) 
 0.96 
(-0.35) 
 0.89 
(-0.75) 
 0.97 
(-0.26) 
 0.95 
(-0.44) 
 
Housing quality 
1.09 
(3.42) 
** 1.10 
(3.56) 
** 1.10 
(2.84) 
** 1.09 
(3.5) 
** 1.10 
(3.68) 
** 
Financial capital           
Livestock 
0.96 
(-0.8) 
 0.97 
(-0.71) 
 0.97 
(-0.65) 
 1.04 
(0.61) 
 0.97 
(-0.64) 
 
Poultry 
1.00 
(-1.28) 
 1.00 
(-1.19) 
 1.00 
(-1.19) 
 1.00 
(-1.09) 
 1.00 
(-1.21) 
 
Social capital           
% HH using modern 
energy sources 
3.58 
(3.48) 
** 3.55 
(3.47) 
** 3.59 
(3.49) 
** 3.65 
(3.55) 
** 4.63 
(3.36) 
** 
           
Time 
1.04 
(0.25) 
 0.99 
(-0.06) 
 1.01 
(0.04) 
 1.00 
(0) 
 0.99 
(-0.06) 
 
Intercept 
0.03 
(-9.28) 
** 0.04 
(-9.35) 
** 0.03 
(-8.93) 
** 0.04 
(-9.83) 
** 0.04 
(-9.57) 
** 
Intercept at the 
neighborhood level 
0.31 
(0.13) 
 0.33 
(0.13) 
 0.32 
(0.13) 
 0.32 
(0.13) 
 0.32 
(0.13) 
 
      
Generalized 𝜒2 / DF 0.88 0.89 0.89 0.88 0.89 
N 1,728 1,728 1,728 1,728 1,728 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 15-1A> Energy Transition from Traditional Energy Sources to Electricity, Event History Model Results 
 
 Model 1 Model 2 
 Odds  t value Odds  t value 
Migration       
Duration (month) 1.01 † 1.82 1.00  0.48 
HH capitals       
Human capital       
Number of young    0.76 ** -3.28 
Number of working    0.93  -0.77 
Number of old    0.87  -0.80 
Edu of the youngest    1.03  1.20 
Edu of the oldest    1.05 † 1.95 
Natural capital       
Own bari    0.81  -0.96 
Own khet    1.12  0.45 
Water quality    1.06  0.40 
Physical capital       
Consumer items    1.43 ** 2.78 
Agro equipment    1.12  0.79 
Housing quality    1.08 * 2.17 
Financial capital       
Livestock    1.03  0.49 
Poultry    1.00  -0.05 
Social capital       
% HH using electricity    6.42  0.99 
       
Time 9.26 ** 7.68 6.27 ** 5.93 
Intercept 0.01 ** -14.97 0.01 ** -10.29 
Intercept at the neighborhood level 0.68  0.22 0.47  0.21 
Generalized Chi-square / DF 0.70 0.77 
N 1,870 1,870 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 15-1B> Energy Transition from Traditional Energy Sources to Electricity, Interactions, Event History Model Results 
 
 Model 3 Model 4 Model 5 Model 6 Model 7 
 
Odds 
(t value) 
 Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Migration           
Duration (month) 
1.03 
(2.66) 
** 1.00 
(0.32) 
 1.01 
(1.09) 
 1.01 
(0.97) 
 1.00 
(0.41) 
 
Interactions           
with Human capital           
Number of young 
1.00 
(-0.16) 
 
 
 
 
 
 
 
 
 
Number of working 
0.99 
(-1.80) 
† 
 
 
 
 
 
 
 
 
Number of old 
1.00 
(0.27) 
 
 
 
 
 
 
 
 
 
Edu of the youngest 
1.00 
(-0.89) 
 
 
 
 
 
 
 
 
 
Edu of the oldest 
1.00 
(-1.52) 
 
 
 
 
 
 
 
 
 
with Natural capital           
Own bari  
 1.00 
(-0.28) 
 
 
 
 
 
 
 
Own khet  
 1.00 
(-0.09) 
 
 
 
 
 
 
 
Water quality  
 1.00 
(-0.85) 
 
 
 
 
 
 
 
with Physical capital           
Consumer items  
 
 
 0.99 
(-2.45) 
* 
 
 
 
 
Agro equipment  
 
 
 1.00 
(0.72) 
 
 
 
 
 
Housing quality  
 
 
 1.00 
(0.58) 
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with Financial capital           
Livestock  
 
 
 
 
 1.00 
(-0.66) 
 
 
 
Poultry  
 
 
 
 
 1.00 
(-1.15) 
 
 
 
with Social capital           
% HH using 
electricity 
 
 
 
 
 
 
 
 1.01 
(0.11) 
 
           
HH capitals           
Human capital           
Number of young 
0.76 
(-2.45) 
* 0.76 
(-3.30) 
** 0.76 
(-3.22) 
** 0.76 
(-3.28) 
** 0.76 
(-3.28) 
** 
Number of working 
1.10 
(0.72) 
 0.93 
(-0.77) 
 0.92 
(-0.88) 
 0.92 
(-0.83) 
 0.93 
(-0.77) 
 
Number of old 
0.81 
(-0.88) 
 0.87 
(-0.79) 
 0.84 
(-0.93) 
 0.87 
(-0.77) 
 0.87 
(-0.80) 
 
Edu of the youngest 
1.05 
(1.27) 
 1.03 
(1.17) 
 1.03 
(1.19) 
 1.03 
(1.14) 
 1.03 
(1.19) 
 
Edu of the oldest 
1.09 
(2.39) 
* 1.05 
(2.01) 
* 1.05 
(2.01) 
* 1.05 
(1.86) 
† 1.05 
(1.95) 
† 
Natural capital           
Own bari 
0.82 
(-0.88) 
 0.86 
(-0.53) 
 0.82 
(-0.91) 
 0.80 
(-1.02) 
 0.81 
(-0.96) 
 
Own khet 
1.07 
(0.26) 
 1.14 
(0.41) 
 1.12 
(0.43) 
 1.10 
(0.38) 
 1.12 
(0.45) 
 
Water quality 
1.07 
(0.46) 
 1.19 
(0.88) 
 1.06 
(0.38) 
 1.07 
(0.44) 
 1.06 
(0.39) 
 
Physical capital           
Consumer items 
1.40 
(2.60) 
** 1.43 
(2.78) 
** 1.84 
(3.63) 
** 1.42 
(2.74) 
** 1.43 
(2.78) 
** 
Agro equipment 
1.16 
(1.05) 
 1.12 
(0.81) 
 1.04 
(0.19) 
 1.13 
(0.88) 
 1.12 
(0.79) 
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Housing quality 
1.08 
(2.23) 
* 1.07 
(2.12) 
* 1.06 
(1.30) 
 1.08 
(2.20) 
* 1.08 
(2.17) 
* 
Financial capital           
Livestock 
1.02 
(0.34) 
 1.03 
(0.45) 
 1.03 
(0.42) 
 1.07 
(0.83) 
 1.03 
(0.49) 
 
Poultry 
1.00 
(-0.23) 
 1.00 
(-0.02) 
 1.00 
(0.07) 
 1.00 
(0.88) 
 1.00 
(-0.05) 
 
Social capital           
% HH using 
electricity 
7.20 
(1.05) 
 6.66 
(1.00) 
 5.83 
(0.93) 
 6.36 
(0.98) 
 5.55 
(0.74) 
 
           
Time 
7.03 
(6.18) 
** 6.27 
(5.93) 
** 6.51 
(6.01) 
** 6.36 
(5.97) 
** 6.26 
(5.93) 
** 
Intercept 
0.00 
(-9.95) 
** 0.01 
(-9.88) 
** 0.01 
(-9.56) 
** 0.01 
(-10.16) 
** 0.01 
(-10.23) 
** 
Intercept at the 
neighborhood level 
0.47 
(0.22) 
 0.48 
(0.22) 
 0.47 
(0.21) 
 0.47 
(0.22) 
 0.47 
(0.21) 
 
      
Generalized 𝜒2 / DF 0.70 0.75 0.74 0.76 0.77 
N 1,870 1,870 1,870 1,870 1,870 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 15-2A> Energy Transition from Traditional Energy Sources to Gas, Event History Model Results 
 
 Model 1 Model 2 
 Odds  t value Odds  t value 
Migration       
Duration (month) 1.01 ** 4.25 1.01 ** 2.85 
HH capitals       
Human capital       
Number of young    0.74 ** -4.33 
Number of working    0.89  -1.52 
Number of old    0.91  -0.67 
Education of the youngest    1.05 * 2.34 
Education of the oldest    1.01  0.24 
Natural capital       
Own bari    1.01  0.06 
Own khet    1.03  0.16 
Water quality    0.84  -1.39 
Physical capital       
Consumer items    2.08 ** 6.63 
Agro equipment    1.05  0.38 
Housing quality    1.15 ** 4.77 
Financial capital       
Livestock    0.92  -1.37 
Poultry    1.00 * -2.00 
Social capital       
% HH using gas    1.39  0.43 
       
Time 3.07 ** 6.65 1.70  2.65 
Intercept 0.05 ** -17.08 0.01 ** -11.52 
Intercept at the neighborhood level 0.71  0.21 0.29  0.18 
Generalized 𝜒2 / DF 0.74 0.80 
N 1,824 1,824 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 15-2B> Energy Transition from Traditional Energy Sources to Gas, Interactions, Event History Model Results 
 
 Model 3 Model 4 Model 5 Model 6 Model 7 
 
Odds 
(t value) 
 Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Migration           
Duration (month) 
1.01 
(1.85) 
† 1.00 
(0.40) 
 1.02 
(2.21) 
* 1.01 
(2.30) 
* 1.01 
(2.96) 
** 
Interactions           
with Human capital           
Number of young 
1.00 
(0.61) 
 
 
 
 
 
 
 
 
 
Number of working 
1.00 
(-0.74) 
 
 
 
 
 
 
 
 
 
Number of old 
1.00 
(-0.89) 
 
 
 
 
 
 
 
 
 
Edu of the youngest 
1.00 
(0.54) 
 
 
 
 
 
 
 
 
 
Edu of the oldest 
1.00 
(-1.70) 
† 
 
 
 
 
 
 
 
 
with Natural capital           
Own bari  
 1.00 
(0.06) 
 
 
 
 
 
 
 
Own khet  
 1.01 
(0.99) 
 
 
 
 
 
 
 
Water quality  
 1.00 
(-1.18) 
 
 
 
 
 
 
 
with Physical capital           
Consumer items  
 
 
 1.00 
(-1.53) 
 
 
 
 
 
Agro equipment  
 
 
 1.01 
(1.64) 
 
 
 
 
 
Housing quality  
 
 
 1.00 
(-0.81) 
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with Financial capital           
Livestock  
 
 
 
 
 1.00 
(-0.91) 
 
 
 
Poultry  
 
 
 
 
 1.00 
(1.54) 
 
 
 
with Social capital           
% HH using gas  
 
 
 
 
 
 
 0.98 
(-0.87) 
 
           
HH capitals           
Human capital           
Number of young 
0.71 
(-3.77) 
** 0.74 
(-4.35) 
** 0.75 
(-4.25) 
** 0.74 
(-4.44) 
** 0.75 
(-4.29) 
** 
Number of working 
0.93 
(-0.71) 
 0.89 
(-1.55) 
 0.88 
(-1.65) 
† 0.89 
(-1.48) 
 0.89 
(-1.55) 
 
Number of old 
1.02 
(0.11) 
 0.90 
(-0.72) 
 0.88 
(-0.82) 
 0.91 
(-0.63) 
 0.90 
(-0.70) 
 
Edu of the youngest 
1.04 
(1.20) 
 1.05 
(2.36) 
* 1.05 
(2.33) 
* 1.05 
(2.28) 
* 1.05 
(2.39) 
* 
Edu of the oldest 
1.04 
(1.40) 
 1.01 
(0.27) 
 1.00 
(0.21) 
 1.01 
(0.25) 
 1.00 
(0.20) 
 
Natural capital           
Own bari 
1.03 
(0.19) 
 1.03 
(0.11) 
 1.01 
(0.08) 
 1.01 
(0.04) 
 1.01 
(0.05) 
 
Own khet 
1.04 
(0.21) 
 0.87 
(-0.54) 
 1.01 
(0.07) 
 1.03 
(0.14) 
 1.03 
(0.16) 
 
Water quality 
0.85 
(-1.31) 
 0.97 
(-0.19) 
 0.84 
(-1.43) 
 0.84 
(-1.44) 
 0.85 
(-1.36) 
 
Physical capital           
Consumer items 
2.07 
(6.57) 
** 2.09 
(6.66) 
** 2.40 
(5.93) 
** 2.08 
(6.64) 
** 2.07 
(6.61) 
** 
Agro equipment 
1.06 
(0.51) 
 1.05 
(0.37) 
 0.87 
(-0.77) 
 1.05 
(0.38) 
 1.04 
(0.35) 
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Housing quality 
1.15 
(4.63) 
** 1.15 
(4.73) 
** 1.17 
(4.09) 
** 1.15 
(4.76) 
** 1.15 
(4.80) 
** 
Financial capital           
Livestock 
0.92 
(-1.51) 
 0.92 
(-1.36) 
 0.93 
(-1.29) 
 0.96 
(-0.62) 
 0.93 
(-1.33) 
 
Poultry 
1.00 
(-1.94) 
† 1.00 
(-2.00) 
* 1.00 
(-1.94) 
† 1.00 
(-1.90) 
† 1.00 
(-1.99) 
* 
Social capital           
% HH using gas 
1.36 
(0.40) 
 1.42 
(0.46) 
 1.51 
(0.53) 
 1.52 
(0.55) 
 2.39 
(0.91) 
 
           
Time 
1.72 
(2.70) 
** 1.69 
(2.61) 
** 1.73 
(2.71) 
** 1.69 
(2.61) 
** 1.69 
(2.62) 
** 
Intercept 
0.01 
(-10.37) 
** 0.01 
(-10.60) 
** 0.01 
(-10.29) 
** 0.01 
(-11.25) 
** 0.01 
(-11.52) 
** 
Intercept at the 
neighborhood level 
0.27 
(0.17) 
 0.29 
(0.18) 
 0.29 
(0.18) 
 0.27 
(0.17) 
 0.28 
(0.18) 
 
      
Generalized 𝜒2 / DF 0.79 0.80 0.77 0.81 0.80 
N 1,824 1,824 1,824 1,824 1,824 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 15-3A> Energy Transition from Traditional Energy Sources to Kerosene, Event History Model Results 
 
 Model 1 Model 2 
 Odds  t value Odds  t value 
Migration       
Duration (month) 1.01 * 2.46 1.01 ** 3.09 
HH capitals       
Human capital       
Number of young    1.01  0.17 
Number of working    0.90  -1.03 
Number of old    0.72  -1.46 
Education of the youngest    1.01  0.24 
Education of the oldest    1.05  1.59 
Natural capital       
Own bari    0.98  -0.07 
Own khet    1.35  1.13 
Water quality    0.97  -0.20 
Physical capital       
Consumer items    1.27 † 1.68 
Agro equipment    0.90  -0.52 
Housing quality    0.98  -0.29 
Financial capital       
Livestock    0.88  -1.49 
Poultry    1.00  -0.69 
Social capital       
% HH using kerosene    4.27 * 2.48 
       
Time 0.05 ** -6.02 0.04 ** -6.16 
Intercept 0.08 ** -14.55 0.07 ** -3.84 
Intercept at the neighborhood level 0.58  0.24 0.54  0.23 
Generalized 𝜒2 / DF 0.85 0.88 
N 1,787 1,787 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 15-3B> Energy Transition from Traditional Energy Sources to Kerosene, Interactions, Event History Model Results 
 
 Model 3 Model 4 Model 5 Model 6 Model 7 
 
Odds 
(t value) 
 Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(Wald 𝜒2) 
 
Odds 
(t value) 
 
Migration           
Duration (month) 
1.02 
(2.07) 
* 1.02 
(2.71) 
** 1.01 
(0.46) 
 1.02 
(8.03) 
** 1.01 
(1.32) 
 
Interactions           
with Human capital           
Number of young 
1.00 
(0.51) 
 
 
 
 
 
 
 
 
 
Number of working 
1.00 
(-0.50) 
 
 
 
 
 
 
 
 
 
Number of old 
1.00 
(0.77) 
 
 
 
 
 
 
 
 
 
Edu of the youngest 
1.00 
(-0.53) 
 
 
 
 
 
 
 
 
 
Edu of the oldest 
1.00 
(-1.43) 
 
 
 
 
 
 
 
 
 
with Natural capital           
Own bari  
 0.99 
(-0.91) 
 
 
 
 
 
 
 
Own khet  
 0.99 
(-1.47) 
 
 
 
 
 
 
 
Water quality  
 1.00 
(-0.61) 
 
 
 
 
 
 
 
with Physical capital           
Consumer items  
 
 
 1.00 
(-0.30) 
 
 
 
 
 
Agro equipment  
 
 
 1.00 
(-0.45) 
 
 
 
 
 
Housing quality  
 
 
 1.00 
(0.36) 
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with Financial capital           
Livestock  
 
 
 
 
 1.00 
(1.88) 
 
 
 
Poultry  
 
 
 
 
 1.00 
(3.59) 
† 
 
 
with Social capital           
% HH using kerosene  
 
 
 
 
 
 
 1.02 
(1.10) 
 
           
HH capitals           
Human capital           
Number of young 
0.97 
(-0.30) 
 1.01 
(0.17) 
 1.01 
(0.17) 
 1.00 
(0.00) 
 1.02 
(0.23) 
 
Number of working 
0.95 
(-0.36) 
 0.92 
(-0.91) 
 0.91 
(-0.93) 
 0.92 
(0.78) 
 0.90 
(-1.07) 
 
Number of old 
0.61 
(-1.53) 
 0.72 
(-1.47) 
 0.72 
(-1.47) 
 0.76 
(1.53) 
 0.70 
(-1.56) 
 
Edu of the youngest 
1.02 
(0.51) 
 1.01 
(0.33) 
 1.01 
(0.31) 
 1.01 
(0.04) 
 1.01 
(0.25) 
 
Edu of the oldest 
1.09 
(2.08) 
* 1.05 
(1.60) 
 1.05 
(1.57) 
 1.06 
(4.01) 
* 1.05 
(1.63) 
 
Natural capital           
Own bari 
1.01 
(0.05) 
 1.17 
(0.47) 
 0.98 
(-0.08) 
 0.92 
(0.15) 
 0.98 
(-0.09) 
 
Own khet 
1.33 
(1.06) 
 1.83 
(1.69) 
† 1.34 
(1.10) 
 1.39 
(1.65) 
 1.36 
(1.12) 
 
Water quality 
0.99 
(-0.06) 
 1.06 
(0.26) 
 0.97 
(-0.19) 
 0.97 
(0.05) 
 0.97 
(-0.18) 
 
Physical capital           
Consumer items 
1.28 
(1.72) 
† 1.27 
(1.69) 
† 1.31 
(1.43) 
 1.23 
(2.33) 
 1.29 
(1.75) 
† 
Agro equipment 
0.93 
(-0.37) 
 0.93 
(-0.37) 
 1.00 
(-0.02) 
 0.86 
(0.52) 
 0.89 
(-0.54) 
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Housing quality 
0.97 
(-0.43) 
 0.98 
(-0.27) 
 0.96 
(-0.45) 
 0.97 
(0.22) 
 0.98 
(-0.32) 
 
Financial capital           
Livestock 
0.87 
(-1.63) 
 0.87 
(-1.56) 
 0.88 
(-1.51) 
 0.97 
(0.09) 
 0.87 
(-1.54) 
 
Poultry 
1.00 
(-0.74) 
 1.00 
(-0.69) 
 1.00 
(-0.72) 
 0.99 
(2.66) 
 1.00 
(-0.72) 
 
Social capital           
% HH using kerosene 
3.97 
(2.33) 
* 4.33 
(2.49) 
* 4.29 
(2.48) 
* 4.14 
(7.55) 
** 2.45 
(1.12) 
 
           
Time 
0.04 
(-6.07) 
** 0.04 
(-6.16) 
** 0.04 
(-6.15) 
** 0.04 
(37.77) 
** 0.03 
(-6.19) 
** 
Intercept 
0.06 
(-3.73) 
** 0.05 
(-4.07) 
** 0.08 
(-2.98) 
** 0.07 
(15.57) 
** 0.07 
(-3.67) 
** 
Intercept at the 
neighborhood level 
0.53 
(0.23) 
 0.53 
(0.23) 
 0.53 
(0.23) 
 
 
 0.69 
(0.33) 
 
      
Generalized 𝜒2 / DF 0.92 0.89 0.92 652.53 (AIC) 0.99 
N 1,787 1,787 1,787 1,787 1,787 
Note: † p < .10; * p <.05; ** p <.01, two tailed; model 6 is the results of binomial logistic regression model due to the failure of pseudo likelihood, 
quad, and Laplace estimation methods.  
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<Table 16A> Energy Transition from Modern Energy Sources to Traditional Ones, Event History Model Results 
 
 Model 1 Model 2 
 Odds  t value Odds  t value 
Migration       
Duration (month) 1.00  -0.23 1.00  -0.35 
HH capitals       
Human capital       
Number of young    0.97  -0.46 
Number of working    0.95  -0.60 
Number of old    0.97  -0.14 
Education of the youngest    0.95 * -2.02 
Education of the oldest    0.94 ** -2.69 
Natural capital       
Own bari    1.51 † 1.94 
Own khet    1.12  0.51 
Water quality    0.90  -0.72 
Physical capital       
Consumer items    0.56 ** -4.95 
Agro equipment    1.36  1.35 
Housing quality    0.99  -0.20 
Financial capital       
Livestock    1.12  1.44 
Poultry    1.00  -0.60 
Social capital       
% HH using modern energy     0.21 ** -4.33 
       
Time 0.73 † -1.69 1.18  0.68 
Intercept 0.48 ** -4.44 3.36 * 2.45 
Intercept at the neighborhood level 0.53  0.21 0.05  0.13 
Generalized 𝜒2 / DF 0.88 0.96 
N 657 657 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Table 16B> Energy Transition from Modern Energy Sources to Traditional Energy Sources, Interactions, Event History 
Model Results 
 
 Model 3 Model 4 Model 5 Model 6 Model 7 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Odds 
(t value) 
 
Migration           
Duration (month) 
1.00 
(-0.18) 
 1.00 
(-0.63) 
 1.00 
(0.10) 
 1.00 
(-0.53) 
 0.99 
(-1.06) 
 
Interactions           
with Human capital           
Number of young 
1.00 
(-0.20) 
 
 
 
 
 
 
 
 
 
Number of working 
1.00 
(-1.16) 
 
 
 
 
 
 
 
 
 
Number of old 
1.01 
(1.41) 
 
 
 
 
 
 
 
 
 
Edu of the youngest 
1.00 
(2.36) 
* 
 
 
 
 
 
 
 
 
Edu of the oldest 
1.00 
(-0.22) 
 
 
 
 
 
 
 
 
 
with Natural capital           
Own bari  
 1.01 
(0.87) 
 
 
 
 
 
 
 
Own khet  
 1.00 
(0.00) 
 
 
 
 
 
 
 
Water quality  
 1.00 
(0.82) 
 
 
 
 
 
 
 
with Physical capital           
Consumer items  
 
 
 1.00 
(0.57) 
 
 
 
 
 
Agro equipment  
 
 
 1.00 
(-0.01) 
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Housing quality  
 
 
 1.00 
(-0.51) 
 
 
 
 
 
with Financial capital           
Livestock  
 
 
 
 
 1.00 
(0.52) 
 
 
 
Poultry  
 
 
 
 
 1.00 
(-0.81) 
 
 
 
with Social capital           
% HH using modern 
energy sources 
 
 
 
 
 
 
 
 1.01 
(1.10) 
 
           
HH capitals           
Human capital           
Number of young 
0.96 
(-0.38) 
 0.96 
(-0.50) 
 0.97 
(-0.43) 
 0.96 
(-0.50) 
 0.96 
(-0.51) 
 
Number of working 
1.05 
(0.39) 
 0.95 
(-0.52) 
 0.94 
(-0.65) 
 0.94 
(-0.64) 
 0.95 
(-0.57) 
 
Number of old 
0.79 
(-0.81) 
 0.97 
(-0.14) 
 0.96 
(-0.18) 
 0.98 
(-0.07) 
 0.96 
(-0.21) 
 
Edu of the youngest 
0.90 
(-3.01) 
** 0.95 
(-2.00) 
* 0.95 
(-1.96) 
† 0.95 
(-2.03) 
* 0.95 
(-2.07) 
* 
Edu of the oldest 
0.94 
(-1.89) 
† 0.94 
(-2.62) 
** 0.94 
(-2.68) 
** 0.94 
(-2.70) 
** 0.94 
(-2.70) 
** 
Natural capital           
Own bari 
1.50 
(1.90) 
† 1.32 
(1.06) 
 1.50 
(1.92) 
† 1.49 
(1.89) 
† 1.51 
(1.96) 
† 
Own khet 
1.11 
(0.45) 
 1.13 
(0.45) 
 1.12 
(0.51) 
 1.14 
(0.58) 
 1.10 
(0.44) 
 
Water quality 
0.91 
(-0.70) 
 0.84 
(-1.00) 
 0.90 
(-0.72) 
 0.91 
(-0.65) 
 0.91 
(-0.69) 
 
Physical capital           
Consumer items 
0.56 
(-5.00) 
** 0.56 
(-4.99) 
** 0.54 
(-4.32) 
** 0.57 
(-4.83) 
** 0.56 
(-4.96) 
** 
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Agro equipment 
1.31 
(1.17) 
 1.32 
(1.25) 
 1.37 
(1.05) 
 1.36 
(1.38) 
 1.36 
(1.36) 
 
Housing quality 
0.99 
(-0.26) 
 0.99 
(-0.19) 
 1.00 
(0.08) 
 0.99 
(-0.22) 
 0.99 
(-0.23) 
 
Financial capital           
Livestock 
1.12 
(1.48) 
 1.12 
(1.45) 
 1.11 
(1.40) 
 1.08 
(0.80) 
 1.12 
(1.50) 
 
Poultry 
1.00 
(-0.61) 
 1.00 
(-0.58) 
 1.00 
(-0.61) 
 1.00 
(0.02) 
 1.00 
(-0.64) 
 
Social capital           
% HH using modern 
energy sources 
0.19 
(-4.52) 
** 0.21 
(-4.24) 
** 0.21 
(-4.29) 
** 0.21 
(-4.25) 
** 0.15 
(-4.03) 
** 
           
Time 
1.17 
(0.64) 
 1.18 
(0.68) 
 1.19 
(0.71) 
 1.17 
(0.65) 
 1.19 
(0.71) 
 
Intercept 
3.59 
(2.29) 
* 3.48 
(2.45) 
* 3.27 
(2.15) 
* 3.53 
(2.50) 
* 3.97 
(2.65) 
** 
Intercept at the 
neighborhood level 
0.05 
(0.13) 
 0.06 
(0.13) 
 0.05 
(0.13) 
 0.06 
(0.13) 
 0.04 
(0.13) 
 
      
Generalized 𝜒2 / DF 0.96 0.98 0.96 0.95 0.97 
N 657 657 657 657 657 
Note: † p < .10; * p <.05; ** p <.01, two tailed. 
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<Figure 22> Energy Transition between 1996 and 2001, Number of Households 
 
 
 
 
Note: out of total 1354 households. 
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<Figure 23> Energy Transition between 2001 and 2006, Number of Households 
 
 
 
 
Note: out of total 1354 households. 
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<Figure 24> Interaction between Migration and Consumer Items on Energy Transition 
from Traditional Energy Sources to Modern Energy Sources 
 
 
Note: Only coefficients of migration, consumer items, and the interaction between those two are used for 
the computation. 
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<Figure 25> Interaction between Migration and Livestock on Energy Transition from 
Traditional Energy Sources to Modern Energy Sources 
 
 
Note: Only coefficients of migration, livestock, and the interaction between those two are used for the 
computation. 
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<Figure 26> Interaction between Migration and Household Size of Working Age on 
Energy Transition from Traditional Energy Sources to Electricity 
 
 
Note: Only coefficients of migration, household size of working age, and the interaction between those two 
are used for the computation. 
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<Figure 27> Interaction between Migration and Consumer Items on Energy Transition 
from Traditional Energy Sources to Electricity 
 
 
Note: Only coefficients of migration, consumer items, and the interaction between those two are used for 
the computation. 
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<Figure 28> Interaction between Migration and Education of the Oldest Household 
Member on Energy Transition from Traditional Energy Sources to Gas 
 
 
Note: Only coefficients of migration, education of the oldest household member, and the interaction 
between those two are used for the computation. 
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<Figure 29> Interaction between Migration and Poultry on Energy Transition from 
Traditional Energy Sources to Kerosene 
 
 
Note: Only coefficients of migration, poultry, and the interaction between those two are used for the 
computation. 
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<Figure 30> Interaction between Migration and Education of the Youngest Household 
Member on Energy Transition from Modern Energy Sources to Traditional Energy 
Sources 
 
 
Note: Only coefficients of migration, education of the youngest household member, and the interaction 
between those two are used for the computation. 
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CONCLUSION AND DISCUSSION 
 
The aim of this dissertation has been to investigate the influence of migration and 
household capitals on agricultural and energy transitions in the Chitwan Valley of Nepal. 
I adapted the livelihood perspective by Ellis (2000) to setting-specific hypotheses in this 
unique context, a setting that has been an area of rapid socioeconomic and environmental 
changes. In Chapter 5-2, I examined how migration and household capitals affected the 
changes in agricultural activities, such as farming, renting land out, using chemical 
fertilizer, and raising poultry. In Chapter 5-3, I examined how migration and household 
capitals affected the changes in the modes of production, such as the transition from 
farming to non-farming at the household level, the transition to the first salary 
employment and the first business outside the home at the individual level. In Chapter 5-
4, I examined how migration and household capitals affected the transition from 
traditional energy sources to modern ones, and vice versa. In this concluding chapter, I 
briefly summarize the findings of each of the preceding substantive chapters. I also relate 
the specific findings in this dissertation to its implication to the broader literature as a 
whole, and I indicate the future directions in which each of these chapters may proceed.  
 
Findings in the Changes in the Agricultural Activities 
In Chapter 5-2, I tested the effects of migration and each household capital on the 
changes in agricultural activities. Agricultural activities include farming, renting land out, 
using chemical fertilizer, and raising poultry. Increasing the size of farming land, the 
amount of chemical fertilizer used, and the number of poultry raised was considered to be 
  
218 
 
 
the process of agricultural intensification. Decreasing the size of farming land, the size of 
land for rent, the amount of chemical fertilizer used, and the number of poultry raised 
was considered to be the process of agricultural de-intensification. I specifically 
hypothesized the moderating effect of each household capital on the association between 
migration and the changes in agricultural activities. Migration was measured with the 
sum of the monthly durations of migration of all household members over fifteen years 
old within the five years prior to the survey year when the dependent variables were 
measured.  
Migration shows a positive association with the size of farming land and a 
negative association with the number of poultry. In the setting of the Chitwan Valley 
where agriculture is still the dominant mode of production, financial and social 
remittances from migration seem to be mostly utilized for agricultural activities. When 
migration is grouped into two types, domestic and international, each migration type does 
not show a positively or negative association with agricultural activities. Although there 
is not enough variation in domestic and international migration, duration seems to be 
more important factor than a type of migration.  
Household capitals also show significant effects on agricultural activities. Human 
capital, in the form of available labor in a household, is shown to have a positive effect 
on agricultural activities. The education level of the youngest member in a household, 
another form of household capital, shows mixed effects: it is negatively associated with 
the size of farming while positively with the amount of chemical fertilizer. More 
education would give an individual a better chance in the non-farm sector. Thus, in the 
setting of increasing non-farm opportunities, education would work to stay away from 
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farming. At the same time, using a proper chemical fertilizer requires a certain level of 
education or an access to information. Therefore, it is not surprising that education is 
positively associated with the amount of chemical fertilizer.  
Natural capital, especially having a good quality land, khet land, shows a negative 
association with the size of farming land and a positive one with the size of land for rent. 
It seems that owning land for the households who had to work on farm as a tenant for 
subsistence gives some breathing space for those households to reduce their workload on 
agricultural activities and seek better opportunities to upgrade their livelihood in the off-
farm or non-farm sector.  
Physical capital, in the form of consumer items, shows a negative association with 
agricultural activities as well. Having more consumer items reduces the size of farming 
land and the number of poultry. These results make sense in that consumer items, which 
consists of the devices delivering information, especially from India and western 
countries, through the media, would be likely to inspire a household to go after urbanized 
life styles detached from agriculture.  
Household capitals also show moderating effects on the association between 
migration and agricultural activities. Two conclusions are derived from the results of the 
interactions. First, the available household labor, which is human capital, plays an 
important role for farming households. A household with affluent labor tends to stay with 
farming activities more likely than a household with less labor with the support of the 
remittances from migration. Put it differently, how a farming household utilizes 
remittances from migration is contingent on available labor of a household. Related to 
this finding, a household tends to focus on one activity between labor-intensive 
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agricultural activities, especially between raising livestock and poultry, due to the limited 
labor of a household. Second, a household that previously invested a substantial amount 
of resources in agriculture tend to stay in what they have been doing. In sum, the results 
indicate that the livelihoods of the households in the Chitwan valley are getting 
diversified in the setting of rapidly changing socioeconomic and environmental 
conditions, and those households try to fully utilize their resources from migration and 
current assets to move forward. 
 
Findings in the Changes in the Modes of Production 
In Chapter 5-3, I tested the effects of migration and each household capital on the 
changes in the modes of production. The modes of production include the transition from 
farming to non-farming at the household level and the transition to the first salary 
employment and out of home business at the individual level. I specifically hypothesized 
the moderating effect of each household capital on the association between migration and 
the changes in the modes of production. For the analysis of the transition out of farming 
at the household level, migration was measured with the sum of the monthly durations of 
migration of all household members over fifteen years old within the five years prior to 
the survey year when the dependent variables were measured. For the analysis of the 
transition at the individual level, domestic and international migration experience one 
year prior to the event are used. 
At the household level, migration does not show any direct relationship with the 
transition out of farming. However, at the individual level, migration is negatively 
associated with the transition to the first salary employment. This result implies that 
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migration and salary employment are two promising livelihood diversification options 
and the decision on one transition over the other affects the direction of a household in 
the future. In addition, migration of other household members is positively associated 
with the transition to the first out of home business. This result implies that starting a 
business requires various types of help from other household members and it is the result 
of the sum of efforts by all household members.  
Once individual characteristics are controlled, many of the household capitals do 
not show significant effects on the transition. Still, prior investment in agriculture seems 
to prevent a household from moving away from farming at the household level. At the 
individual level, good housing quality, poultry, and consumer items pushes an individual 
to start a business outside the home. Considering that those factors reflect a relatively 
higher socioeconomic status and a tendency to accept new ideas and values of a 
household, the results are not a big surprise. Further, additional labor in a household and 
higher education are positively associated with the transition out of farming at the 
household level. The result of labor seems to be the opposite of the results in the previous 
chapter. But they are not completely independent to each other. I argue that farming 
households could farm more with extra labor but the result supports the idea that they 
would eventually transition from farming to non-farming and seek opportunities in the 
non-farm sector. That would be the best livelihood diversification strategy for a farming 
household living in a society where socioeconomic and environmental conditions are 
rapidly changing.  
Individual characteristics are also similar to the results of previous studies. Males 
are more likely to have a salary job or to start a new business compared to females, and 
  
222 
 
 
father’s characteristics seem to have more influence than mother’s. The results can be 
understood in a patriarchal nature of a Nepal society. As expected, education encourages 
an individual to find an opportunity in the non-farm sector. This makes sense in that 
educated individuals would seek some opportunities to maximize their investment in 
education and salary jobs or starting a business would satisfy their needs.  
Most of the household capitals do not show moderating effects on the association 
between migration and the modes of production with two exceptions. First, how many 
individuals in the same neighborhood work in the non-farm sector affects an individual to 
find a salary job and migration supports the transition. This is probably due to the fact 
that the flow of information is smoother when there are many people with the same 
interest in a reachable distance. Second, migration delays an individual to start an outside 
the home business but this effect decreases as the duration of migration increases. Again, 
it seems that starting a business out of home is a choice over the decision to migrate since 
they are two very different options for future livelihood.  
In sum, the results show the livelihoods of the households in the Chitwan valley 
are getting diversified in the setting of rapidly changing socioeconomic and 
environmental conditions, and those households try to fully utilize their resources from 
migration and current assets to move forward.  
 
Findings in the Changes in the Main Energy Source 
In Chapter 5-4, I tested the effects of migration and each household capital on 
energy transition: the changes in the main energy source. Energy transition includes the 
transition from traditional energy sources, such as fuel wood, sawdust, and biomass, to 
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modern ones, such as electricity, gas, and kerosene. I specifically hypothesized the 
moderating effect of each household capital on the association between migration and 
energy transition. Migration was measured with the sum of the monthly durations of 
migration of all household members over fifteen years old within the five years prior to 
the survey year when the dependent variables were measured.  
Migration shows a positive association with the transition from traditional energy 
sources to modern ones. By migration type, domestic migration shows a positive 
association while international migration partially shows a positive association. The 
results seem to assure that financial remittances as well as social remittances from 
migration help a rural household to purchase modern energy sources.  
Among household capitals, the available labor in a household and education, as 
two main components of human capital, show significant associations with energy 
transition. Again, available labor of a household seems to play an important role for the 
livelihood of a rural farming household: collection of traditional energy sources. In 
addition, education shows a positive association with the transition as expected.  
Physical capital, in the form of consumer items and housing quality, and social 
capital, in the form of the proportion of households using modern energy sources in the 
same neighborhood, also show positive associations with energy transition. The results 
imply that how much a household is used to modern life styles through the media and the 
sharing of information between households in the same neighborhood are important 
factors affecting the transition.  
Though consumer items show significant impacts on the transition, there might be 
some theoretical concerns over the use of consumer items as an independent variable to 
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predict the transition from traditional energy sources to modern ones. This is because 
consumer items include a television which would indicate two possibilities. First, it might 
indicate that a household possessing a television is already using electricity and this could 
be a sign of energy transition the survey failed to capture. Second, on the contrary, it 
might also indicate that a household with a television has a lower barrier for energy 
transition. This problem is arisen since the survey questions asked if a household is using 
each type of energy source only for cooking ignoring the fact that a household might use 
multiple energy sources at the same time. However, in my opinion, it is still a valid 
independent variable to be included in the models to predict energy transition. It is 
important to note that cooking is an everyday activity on which the livelihood of a 
household is based so that using electricity for cooking is more meaningful sign than 
using it for watching a television for energy transition. Further, watching a television 
could be an occasional leisure activity considering the availability and stability of 
electricity, and the cost of using it.  
Household capitals also show moderating effects on the association between 
migration and energy transition. Two conclusions are derived from the results. First, 
having consumer items amplifies the effect of migration. Having more consumer items, 
such as radio, television, etc., would require more modern energy sources, especially 
electricity, so financial remittances from migration would be used to supply electricity. 
Further, it could also mean that a household is more exposed to different life styles, 
especially western styles, and new information and experience in developed regions as a 
part of migration boosts the transition. Second, when a farming household already 
invested a substantial amount of resources in agricultural activities, such as livestock, 
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remittances from migration delays the transition to modern energy sources. This is 
understandable in that traditional energy sources are more accessible to farming 
households than non-farming households. In this case, financial remittances are more 
likely to be used to keep the current life style.  
Additional analysis on the transition from transitional energy sources to each 
modern energy source, such as electricity, gas, and kerosene, was done due to a different 
pattern of popularity of each energy source over time. Further, another analysis was 
performed on the opposite direction of energy transition, from modern energy sources to 
traditional energy sources, since a noticeable number of households experienced this 
direction of the transition. The results, though, are not much different from the results of 
the transition from traditional energy sources to modern ones. 
In sum, the results show that rural households in the Chitwan valley juggle their 
resources to choose an appropriate energy source for them on the list of various energy 
resources in the changing socioeconomic and environmental conditions, and their choices 
can be understood better as a part of livelihood strategy.   
 
Implications on Livelihood, Development, and Environment 
As de Haas (2010) points out in his theoretical review of the relationship between 
migration and development, the livelihood perspective and the new economics of labor 
migration emerged in the 1990s as a reaction to the contradictory empirical evidences 
from the migration optimism until 1973 and the migration pessimism in the 1970s and 
1980s. The migration optimism is the view emphasizing the role of migration in bringing 
more income, redistributing wealth between the poor and the rich, creating jobs and 
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eventually making economic condition healthy in the sending communities. As a result, it 
creates a virtuous circle of the interactions between migration and development. The 
migration pessimism, on the other hand, is the view emphasizing the role of migration in 
increasing the socioeconomic gap between the poor and the rich, causing brain and brawl 
drain, and eventually making economic conditions unhealthy in the sending communities. 
As a result, it creates a vicious circle of the interactions between migration and 
development. Countless studies have been done to test both views, and empirical 
evidences are heterogeneous.  
As opposed to the structural perspective of the migration optimism and pessimism 
putting the poor in passive and submissive roles, the livelihood perspective emphasizes 
active and leading roles of agents, especially those households with low socioeconomic 
status at the local level. As a result, the livelihood perspective has been in the center of 
the dialogue of rural development in developing countries (Scoones 2009). However, this 
perspective has a tendency to treat migration only as a result of livelihood diversification 
of rural households, and it has been criticized for that. Despite the criticism, the 
livelihood perspective has been popular in the study of the livelihood of rural households 
due to its advantage in empirical analysis and emphasis on agents rather than structure.  
The Chitwan valley, the study site of this dissertation, is located in a rapidly 
developing region in an underdeveloped country, Nepal, and the region has been going 
through numerous developmental issues coupled with an urbanization process and a high 
volume of migration.  Thus, the region is in ideal condition to test the livelihood 
perspective. I accept the livelihood perspective to explain agricultural and energy 
transitions at the household level, which is closely linked with the socioeconomic 
  
227 
 
 
development of the region, Chitwan, Nepal. Further, accepting the critique on treating 
migration as an exogenous factor to livelihood transitions, I tried to integrate migration in 
the process of two transitions, agricultural and energy transitions, which can be closely 
embodied in the discussion of rural development.  
In general, empirical evidences from the analysis on the effects of migration and 
household capitals on agricultural and energy transitions in this dissertation support the 
argument by de Haas (2010) emphasizing “contextuality” of migration: migration is not 
an exogenous, but an integral part of social and development processes. In the context of 
Chitwan, at least, migration does not have a consistent one-directional effect on the 
transitions. Migration is rather integrated with what kinds of and how much capitals rural 
households own in the process of the transitions. Specifically, the results across the 
analysis indicate that available labor in a household, prior investment in agriculture, the 
degree in which a household is exposed to different values and ideas, and networks 
between people within a reachable range are very important factors deciding the future 
direction of the transitions. Understanding this contextuality of migration would be an 
important first step towards further development of the Chitwan valley. 
It is obvious that Chitwan has been going through a certain level of transitions 
with the expansion of the non-farm sector coupled with an urbanization process in the last 
few decades, and households are trying to survive or get adjusted to the rapidly changing 
socioeconomic and environmental conditions. And it seems that migration, salary 
employment, or outside the home businesses are big parts of their adjustment as 
livelihood strategies. One of the conclusions from the results of the transition to the first 
salary employment and outside the home businesses was that rural households in Chitwan 
  
228 
 
 
diversify their livelihood through finding an opportunity either in moving to other regions 
or finding an opportunity in the non-farm sector. Thus, the development in these two 
ways of livelihood would be the key for the development of Chitwan in the coming years. 
However, migration is still a very risky livelihood strategy, both domestic and 
international, in terms of the cost, working conditions in destinations, and employment 
stability (ODI 2014). And the non-farm sector is not yet established and unstable due to 
the weak overall economic structure of Nepal. Therefore, achieving further progresses in 
improving the migration processes, stabilizing banking systems and markets for 
agricultural products, or establishing a sustainable economic structure at the community 
level would be the upcoming and ultimate goals of the development plans of Chitwan. 
Considering that improving the economic condition of Chitwan is not an easy task to be 
done in the short term, establishing transparent and safe migration processes, as 
suggested by the 2014 ODI report, should be the first goal for the development of the 
region.  
It is not clear, but the analysis results might suggest other possible trajectories of 
livelihood diversification strategies. In detail, households with higher socioeconomic 
status might tend to move away from farming as the duration of migration increases, 
while households with lower socioeconomic status tend to stay in farming and intensify it. 
If this pattern is true, it means that migration could increase the socioeconomic gap 
between the rich and the poor in the Chitwan valley unless the markets for agricultural 
products become bigger and more stable so that agricultural households could make 
enough and consistent profits out of it. In this case, the stabilization of markets for 
agricultural products would become a priority for the balanced development of the 
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Chitwan valley in the coming years. Based on my qualitative interviews with about 
twenty households in Chitwan, however, it seems that most households regardless of 
socioeconomic status still want to keep what they have been doing, agriculture, even on a 
small size of land as long as their resources allow it. It seems that there are some cultural 
meanings of agriculture, such as a sign of an inheritance of culture of their prior 
generations. In this sense, the transition out of farming might be considered to be 
“abandoning” traditional ways of living or new ways of living only for younger 
generations who do not care about the traditions. Subsequently,  my observations and 
insights tell me that households with higher socioeconomic status would try to diversify 
their livelihood by finding an opportunity in the non-farm sector while they keep doing 
agricultural activities. And households with lower socioeconomic status might have to 
choose between finding an opportunity in the non-farm sector or in other regions, which 
would significantly decrease the available labor in a household, and subsequently, the 
situation might force them to choose to transition out of farming. This pattern would be 
also intensified as the average land price increases with the continuous socioeconomic 
development (Bilsborrow and Pamela 1990). In any case, for the constructive 
development of the Chitwan valley, it seems that establishing a healthy market conditions 
for agricultural products would be crucial for the livelihoods of many households in the 
coming years. And it would be very interesting to examine the patterns for new and 
young households and specifically for those households with low socioeconomic status 
for future research.  
While we work on the socioeconomic development of the region, we also need to 
protect the rich environmental conditions of the Chitwan valley. Most importantly, we 
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need to learn from the examples in other developing and developed countries that already 
went through the conflicts between development and environmental conservation. They 
have shown that we will pay a tremendous amount of social cost to recover from the 
damages done to our surrounding environment as a result of aimless and relentless 
development. Therefore, it is very important to be prepared at the current level of social 
and economic development of Chitwan.  
The analysis results in this dissertation show that how rural households in 
Chitwan adjust to their surrounding socioeconomic and environmental changes would 
decide the direction of the future environmental conservation policies. It seems that the 
overall direction of livelihood transition in Chitwan is towards non-farming activities. 
Despite, even in 2006, the main modes of production for most households is still 
agriculture. And it does not seem that farming households use a substantial amount of 
chemical fertilizer to increase crop productivity or compensate for the loss of labor in a 
household; or increase the number of poultry as a result of migration. Thus, as long as 
Chitwan remains as one of the agricultural nexuses of Nepal, it seems that proper 
regulations on agricultural activities, such as the use of chemical fertilizer and the use of 
land in the future, would be enough to conserve the current level of environment in 
Chitwan. In my opinion, the only concerns are over the large-scale poultry farming and 
cash crop farming, which are undergoing at a certain level even now with the potential of 
rapid growth in the near future. The growth of them will be closely linked with the 
growth of local and national markets in the near future. A close attention for those 
activities is required from the government.  
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In the coming years, though, there is a high chance that agriculture might not 
remain as the main business of Chitwan. The size of the non-farm sector will grow with a 
successful socioeconomic development of the Chitwan valley. Under this scenario, the 
non-farming activities will become better alternatives to farming activities especially for 
young generations as they get more educated and used to western life styles through the 
media and migration. At this stage of the development, how to compromise their 
willingness to developing the non-farm sector of the region through tourism and 
construction of new facilities, for example, with environmental conservation would be 
the main issue in the future. As discussed, previous studies argue that the transition to 
non-farm activities would relieve the pressure on the surrounding environment through 
less dependence of households’ livelihoods on natural resources. In my opinion, however, 
these areas will not remain undeveloped in the coming years just for the sake of 
environment without any proper regulations and social agreements. Regulations are 
required at the government level for now, but a social agreement on balancing between 
development and environmental conservation would be the ultimate goal for the 
sustainability of the region.  
In terms of energy expenditure, Chitwan is slowly moving towards more use of 
modern energy sources, such as electricity, gas, and kerosene. It seems that electricity 
and gas will eventually be the main two energy sources if a stable supply is guaranteed, 
which indicates the surge in energy demand in the near future. Further, an increasing 
number of households in the context of changing social values and norms on family will 
contribute to the rise in the demand for modern energy. Thus, stabilizing the energy 
supply would be the first task that should be done soon. However, the analysis results 
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suggest that the demand might increase at a slower rate than we expect because the 
households whose modes of production is agriculture are more likely to stay in the use of 
traditional energy sources, such as fuel wood, sawdust, and biomass than non-farming 
households, and indeed, most households in Chitwan are still involved in agriculture. It is 
probably due to an easier access to those energy sources for farming households than 
non-farming households. In addition, there might some cultural reasons to keep using 
traditional energy sources as discussed before. In sum, if the current ways of living 
sustain in Chitwan in the future, the environment of the Chitwan valley will depend on 
two dimensions: 1) achieving the balance between the use of natural resources and 
further development in the non-farm sector, and 2) achieving a social agreement on the 
balance between the conservation of the environment and the direction of economic 
development.  
 
Suggestions for Future Research 
In this dissertation, I tried to examine various aspects of agricultural and energy 
transition with the focus on migration and household capital at the household level in the 
setting of Chitwan, Nepal. Due to data limitations, however, a few important aspects of 
migration and those transitions could not be explored further. Based on my insights and 
observations, I suggest four research plans that would shed light on the discussion of 
livelihood transitions and its environmental implications in developing countries.    
First, the impact of international migration by destination countries would be 
interesting to explore further. In the context of Nepal, there is a significant difference 
between international migration to India and to other countries. An international 
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migration to other countries typically requires more financial, human, and social capital 
than an international migration to India does (Thieme and Wyss 2005). In addition, the 
expected income from the migration to other countries is substantially higher than the one 
from India. According to the 2004 report by the Central Bureau of Statistics of Nepal, the 
average remittance from urban and rural Nepal was 13,689 NRs (about $137) while the 
one from other countries excluding India, Malaysia, Saudi Arabia, Qatar, and UAE was 
134,971 NRs (about $1,350). The average remittance from India was similar to the one 
from domestic migration in Nepal, but it was still a little bit higher by about 5,000 NRs 
(about $57). The following countries had much higher numbers: 80,830 NRs (about $808) 
from Malaysia, 79,249 NRs (about $793) from Saudi Arabia, Qatar, and UAE. The study 
of Wagle (2012) confirms that the size of remittances from migrants to India is 
significantly lower than the one from migrants in other countries while the remittances 
from the Middle East and East Asia is not significantly different from the one from other 
countries. Considering this significant gap in the amount of remittances from successful 
migration, how long was the migration, what type of work he or she did in the destination, 
and the amount of remittance sent to the remaining family, would be very important 
information to study the impact of migration on livelihood transitions in Chitwan.  
Second, industrial-level poultry farming, which is also called commercial poultry 
farming, is worth to be explored further due to its impact on the development of the 
region and environment. Poultry farming on a large scale in Chitwan started in around 
1995, and it is mainly due to the increasing demand in meat consumption especially in 
major cities with an increasing size of population (Bohra-Misha 2013; Bhatta, Ishida, 
Taniguchi, and Sharma 2008). So it seems that industrial-level poultry farming is an 
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important part of agricultural transition, but the Chitwan Valley Family Study failed to 
include those households that transitioned to large-scale poultry farming. It is important 
to explore since it has environmental impacts as discussed before. In general, poultry 
farming has various impacts on the surrounding environment, especially on land and 
water, mainly due to its requirement for a large size of land, the treatment of a large 
amount of poultry waste, and excessive use of natural resources. It also might increases 
the socioeconomic gap between households since it requires a substantial amount of 
resources, especially financially, to start. Therefore, I think that it would have significant 
impacts on wealth distribution of the region, which is one of the central parts of the 
discussion on economic development.  
Third, it would be interesting to examine what energy a household uses on what 
activities in addition the amount of each energy source used. The energy transition in this 
dissertation fully used the data available, but still the variables on energy use are 
dichotomous (use or no use) and it is only for the purpose of cooking. Cooking is an 
important daily activity, so it is worth to be explored, but there are many other purposes, 
such as heating or lighting, that might show us different aspects of energy use. In case 
fuel wood is used for cooking and electricity is used for lighting, for example, the use of 
fuel wood is only captured in the data, and there is a high chance that how we picture the 
current energy transition in Chitwan would be biased. Further, additional information 
about how much and how frequently each energy source is used for a certain purpose 
would contribute to better understandings of energy transition. For example, if a 
household has reduced the amount of fuel wood used for cooking, but increased the use 
of electricity or gas for the same purpose over time, and we can track it, it would allow us 
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to follow energy transition at the household level more correctly. In sum, collecting more 
detailed information on energy use would allow us to overcome the limitations of the data 
used for this dissertation, the Chitwan Valley Family Study. It would also contribute to 
the better estimates for future energy demand, which is a growing concern at the global 
level, and make the discourse of energy transition more colorful than before by allowing 
room for cultural uses of energy at the household level.   
Fourth, it would be interesting to examine the gender aspect of household labor in 
the setting of patriarchal societies, like Nepal. The analysis results indicate that available 
labor in a household is one of the most important resources for the livelihood 
diversification strategies of rural households. Considering that females are usually 
responsible for domestic work including agricultural activities and housework in Nepal, 
how many females of young or working age are present in a household would be an 
important factor deciding if a household is likely to move out of agriculture or stay in 
what they have been doing. In detail, those households with higher number of females of 
young or working age during the migration of males would be less likely to transition out 
of farming while those households with less number of females of young or working age 
would be more likely to move out of farming. In this dissertation, I did not explore 
household labor by gender due to a statistical concern over small variations in household 
size variables after the variables are re-grouped by gender. Further, to examine the gender 
aspect of household labor more in detail, I think it is necessary to examine migration by 
gender to incorporate the loss of female labor through migration as well. Due to these 
reasons, I leave the topic for future study. Any research on this topic would contribute to 
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better understandings of how rural households facing the changes in socioeconomic and 
environmental conditions utilize their resources for their future livelihoods. 
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